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Descrfpti n 

FIELD OF THE INVENTION : 

5 ' The present invention relates to aqueous parenteral solutions of drugs which are insoluble or only sparingly soluble 
in water and/or wWch are unstable in water, confined with selected cydodextrins, The solutions provide a means for 
alienating problems associated with drug precipitation at th injection site and/or in the lungs or other organs following 
parenteral administration. 

10 BACKGROUND OF THE INVENTION : 

Cydodextrins are cydic oligosaccharides. The most common cydodextrins are a-cyclodextrin. which is composed 
of a ring of six glucose residues, p-cydodextrin, which is composed of a ring of seven glucose residues, and ycydo- 
dextrin, which is composed of a ring of eight glucose units. The inside cavity of a cyclodextrin is lipophilic, vvhile the cut- 
is side of the cydodextrin is hydrophilic; this combination of properties has led to widespread study of the natural 
cydodextrins. particulariy in connection with phamnaceuticals. and many inclusion conrplexes have been reported, p- 
Cydodextrin has been of spedal interest because of its cavity size, but its relatrvety low aqueous solubility has limited 
its use in the pharmaceutical field. 

Attempts to modify the properties of the natural cydodextrins have resulted in the development of heptaWs (2,6-di- 
20 O-methyl)-p-cyd0dextrin, heptakis (2.3,6-tri-0-methyl)-p-cyclodextrin, hydroxypropyl-p-cydodextrin, p-cydodextrin- 
epichlorohydrin polymer arxJ others. For a comprehensive review of cydodextrins and their use in pharmaceutical 
research, see Pttha et al, in Controlled Drug Delivery, ed. S.D. Bruck. Vol. I. CRC Press. Boca Raton. Rorida. pp. 125- 
148 (1983). For an even more recent overview, see Uekama et al. in CRC Critical Reviews in Therapeutic Dmg Canier 
Svstems. Vol. 3 (1). 1-40 (1987); Uekama, in Topics in Pharmaceutical Sciences 1987. eds. D. D. Breimer and R 
25 Speiser, Elsevier Sdence Publishers B.V (Biomedical Division). 1987, 181-194; and Pagington, Chemistrv In Britain. 
May 1987. pp. 455-458. 

Indusion complexes of a-, p- or 7-cyclodextrin or their mixtures with a variety of drugs have been desaibed by 
numerous parties and various advantages have been attributed to the complexes. These desaiptions include the fol- 
lowing: 
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^ Tuttl* also describes use of 2,6Hl1.0HWthyl-s-cyclodextr1n end 2,3,6-tr1-0- 

flethy1*^yc1odextr1fi to font the Inclusion coiplex* 
^ This fliy not be en Inclusion coiiplex, but slaply a physical vliture. 
^ This Is a Mixture and/or an Inclusion coapound. 

^ The Inventors also «nt1on prior knoun solubility 1«proveawnt$ of cyclodextrin 
Inclusions of barbituric acid derivatives, wefenaartc acid, indo«ethac1n and 
chloraaphenlcol . 

20 5 The Inventors refer to this as an "occlusion* compound. 



Inclusion coniplexes of 2,6-di-O-methyt-p-cyclodextrin with dibenzo[bd]pyran derivatives and salts having analge- 
2$ Sic, antemetic and narcosis-potentiating activities have been described in N6grddi et al U.S. Patent No. 4,599.327; 
increased water solubility and thus rnnproved biological activity have been claimed Ibr the complexes. A review of the 
pharmaceutical applications of such methylated cydodextrins has been published by Uekama, Pharm. Int.. March 
1985. 61-65; see also Pitha, Journal of inc lusion Phenomena 2. 477-485 (1984). 

Cyclodextrin polymer has been reported by Fenyvesi et al. Chem. Pharm. Bull. 32 (2). 665-669 (1 984) to inprove 
30 the dissolution of furosemide. Improvemertts in the dissolution and absorption of phenytoin using a water-soluble p- 
cyclodextrin epichlorohydrin polymer have been described by Uekama et al. International Journal of Pharmaceutics . 
23, 35-42(1985). 

Hydroxypropyl-p-cydodextrin (HPCD) and its preparation by propylene oxide addition to p-cyclodextrin were 
described in Gramera et al United States Patent No. 3,459.731 nearly 20 years ago. Gramera et al also desaibed the 

35 analogous preparation of hydroxyethyl-p-cyclodextrin by ethylene oxide reaction with p-cydodextrin. Much more 
recently, Pitha and co-workers have described the improved preparation of this cyclodextrin derivative and its effects on 
the dissolution of various drug molecules. Pitha United States Patent No. 4,596.795. dated June 24. 1986. describes 
inclusion complexes of sex hormones, particularly testosterone, progesterone, and estradiol, with specific cydodex- 
trins. preferably hydroxypropyl-p-cyclodextrin and poly-p-cydodextrin. The complexes enable the sex hormones to be 

40 successfully delivered to the systemic circulation via the sublingual or buccal route: the effectiveness of this delivery is 
believed to be due to Ihe high dissolution power of hydrophilic derivatives of cycla/axtrins. the non-aggregated struc- 
ture of their conplexes with steroids, and their low toxicity and irritancy of mouth tissue". Success with other cydodex- 
trins, including poly-^-cydodextrin and hydroxypropyl-r-cydodextrin, have also been noted in the Pitha patent. See also 
Pitha et al. J. Pharm . Sci .. Vol. 74, No. 9, Septent)er 1985, 987-990. concerning the same and related studies. Pitha et 

45 al also describe in the J. Pharm. Sci . article the storage statnlity of tablets containing a testosterone-hydroxypropyl-p- 
cyclodextrin complex and the lack of toxidty of the cyclodextrin itself, as well as the importance of the amorphous nature 
of the cyclodextrin derivatives and their complexes with drugs in improving dissolution properties. 

The improved, optimized preparation and purification of hydroxypropyl-p-cydodextrin has been recently described 
by Pitha et al, International Journal of Pharmaceutics. 22, 73-82 (1986). In the same publication, the authors have 

50 desaibed increased water solubility for 32 drugs in concentrated (40 to 50%) aqueous solutions of hydroxypropyl-p- 
cydodextrin; improved sdut^'lization of acetamidophen, apomorphine, butylated hydroxytotuene. chlorthalidone, chole- 
calciferol, dexamethasone, dicumarol, digoxin. diphenythydantoin, estradiol, estriol, ethinylestradiol-3-methyl ether, 
ethisterone, furosemide, hydroflumethiazide, indomethadn, iproniazid phosphate, 17-methyltestosterone. nitroglycerin, 
norethindrone. ouabain, oxprenolol. progesterone, retinal, retinoic acid (all trans and salt forms), retinol, spironolactone. 

55 sulpiride, testosterone and theophylline was noted. The authors indicated this to be an extension of their earlier work 
with hydroxypropyl-p-cydodextrin, which was previously found effective for oral administration of the sex hormones to 
humans. Their later work reported in Pitha et ai, International Journal of Pharmaceutics . 29, 73-82 (1986), has also 
been very recently desaibed in Pitha United States Patent No. 4,727,064, dated February 23. 1988. That patent claims 



7 



EP0 335 545 B2 



a composttion containing an amorphous complex of cydodextiin and a dnjg. and a method of producing a stabilizing 
anrarphous complex of a drug and a mixture of cyclod&ctrins comprising (1) cfissohnng an intrinsically amorphous mix- 
ture of cydodextrin derivatives wttich ar water solut)le and capafc)le of forming inclusion complexes with drugs in water; 
and (2) solut)ilizing l^x>phinc drxjg^ into aqueous media to form a solution and fam a solubilized drug/cydodextrin com- 
plex. 

Uekarra et al, CRC Critical Rgyiews In Therapeutic Dmo Canier Systems. VW. 3 (1). pp. 1-40 (1987), have 
descrit>ed the characteristics of various cydodextrins, induding hydroxypropyl-p-cydodextrin. The authors have pre- 
sented data shcmng improved solutiilization in water in the presence of 15 mg/mL of HPCD tor the drugs carmofur. 
diaz^m. digitoxin. digoxin. flurt)iprofen, indomethadn, isosort»de dinrtrate. phenytoin. prednisolone, progesterone 
and testosterone. In a discussion of the metabdism and toxicity of cydodextrirts, Uekama et al have indicated that 
cydodextrins at suffidently hi^ concentrations cause hemolysis, and that the methylated cydodextrins have higher 
hemolytic activity than the natural cydodextrins. Hydroxypropyl-p-cydodextrin \s said to cause hemolysis beginning at 
4.5 TvM. The authors have further indicated that parenteral administration of large doses of cydodextrins should be 
avoided, txjt that "y-cydodextrin and hydroxypropyl-p-cydodextrin seem to be useful in drug solut>ilization for injections 
arxi liquid preparations Lsed for mucous membranes/ 

JANSSEN PHARMACEUTICA N.V.'s International Patent Application No PCT/EP84A)0417. pi^ished under Inter- 
national Publication No. WO85/02767 on July 4. 1985, has described pharmaceutical compositions comprising irKlu- 
sion compounds of drugs, which are unstat)le or only sparingly solutile in water, with partially etherified p-cydodextrin 
derivatives having hydroxyalkyi and optionally addrtior^l alkyl groups. Among the cydodextrin derivatives contemplated 
is hydroxypropyl-p-cydodextrin. white the drugs indude non-sterotdal anti-rheumatc agents, steroids, cardiac glyco- 
sides and derivatives of benzodiazepine, benzimidazole. piperidine, piperazine, imidazole and triazole. Preferred drugs 
include etomidate. ketoconazole. tubulazole, itraconazole, tevocabastine and flunarizine. The pharmaceutical conposi- 
tions of the invention indude oral, parenteral and topical tornrujlations, with 4 to 10% solutions of cydodextrin derivatives 
being utilized to solubilize various drugs. Improved solubilities of indomethacin, digitoxin, progesterone, dexametha- 
sone. hydrocortisone and diazepam using 10% HPCD are shown, and an injectable formulation of diazepam in 7% 
HPCD is specifically described. The relatively low cydodextrin concentrations used reflect a desire to avoid or minimize 
the hemolytic effects observed at higher cydodextrin concentratiorts. 

Carpenter et al. the Journal of Pediatrics. 111 . 507-512 (October 1987) desaibe intravenous infusion of 2-hydrox- 
ypropyt-p-cydodextrin, prepared as a 5% solution in water, to treat severe hypenntaminosis A. It was found that, during 
infusion, circulating retinyl esters increased transiently, while total vitamin A excreted in the urine was enhanced after 
infusion. Thus, intravenous infusion of 5% HPCD was found to decrease in yive levels of the vitamin, presumat)ly by 
complexing with the vitamin and removing some of the excess from the body. 

The inclusion characteristics of yet other derivatized cydodextrins have also been desatbed in the literature. Stud- 
ies of branched cyctodextrir^ which are giucosyl and mattosyl derivatives of a-, p- arxj f-cydodextrin and their inclusion 
complexes with drugs have recently been reported. Uekama. in Topics in Pharmaceutical Sdences 1987. eds. D. D. 
Breimer and R Speiser, Elsevier Science Publishers B. V. (Biomedical Division). 1987, 181-194. has desaibed the 
effects on bio-pharmaceutical properties of maKosyl and giucosyl cydodextrin derivatives, including enhanced drug 
absorption. Koizumi et al, Chem. Pharm. Bull . 35 (8). 3413-3418 (1987), have reported on inclusion complexes of 
poorly water-soluble drugs with giucosyl cydodextrins, namely 6-0-a-D-glucosyl-a-CD (G^-a-CD). 6-0-a-D-glucosyl- 
p-CD (Gi-P-CD) and 6^, 6°-di-0-a-D-glucosyl-p-CD (2GvP-CD).0kada et al, Chem. Pharm. Bull .. 36(6). 2176-2185 
(1988), have reported on the indusion complexes of pooriy water-soluble drugs wr^h maitrjsyl cydodextrins, namely 6- 
0-a-maltosyl-a-CD (G2-a-CD), 6-0-a-maltosyl-p-CD (G2-P-CD), 6-O-a-maltosyl-rCD (G2-r-CD), 6-0-a-maltotrk)syl- 
a-CD (Ga-a-CD). 6-0-a-maltotriosyl-p-CD (G3-P-CD) and 6-0-a-maltotriosyI-rCD (Gs-rCD). 

The delivery of drugs to the brain is often seriously limKed by transport and metabolism factors and. wotb specifi- 
cally, by the functional t>arrier of the endothelial brain capillary wall. i.e. the blood-brain barrier or BBB. Site-specific 
delivery and sustained delivery of drugs to the brain are even more difficult. 

A dihydropyrldine ^ pyridlnium salt redox system has recently been successfully applied to delivery to the brain of 
a nur7t)er of drugs. Generally speaking, according to this system, a dihydropyrldine derivative of a biologically active 
compound is synthesized, which derivative can enter the CNS through the blood-brain barrier fdlowing its systemic 
administration. Subsequent oxidation of the dihydropyrldine species to the corresponding pyridlnium salt leads to deliv- 
ery of the drug to the brain. 

Three main approaches have been published thus far for delivering drugs to the brain using this redox system. The 
first approach Involves derivation of selected drugs which contain a pyridlnium nucleus as an Integral structural compo- 
nent. This approach was first applied to delivering to the brain N-methylpyrldinium-2-cart>aldoxime chloride (2-PAM). 
the active nucleus of which constitutes a quaternary pyridlnium salt by way of the dihydropyrldine latentiated prodrug 
form thereof. Thus, a hydrophilic compound (2-PAM) was made lipoidal fi e. lipophilic) by making its dihydropyrldine 
form (Pro-2-PAM) to enat)le its penetration through lipoidal barriers. This sirrple prodrug approach allowed the com- 
pound to get into the brain as well as other organs, but this manipulation did not and could not result in any brain spe- 
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erf icity. On the cortrary, such approach was delimited to relatively small molecule quaternary pyridintum ring-containing 
drug spedes and did not prcvtd the overall ideal result of brain-specrfic. sustained release of the desired drug, with 
concomitant rapid limination from the general circi^ation, enhanced drug efficacy and decreased toxicity. Ho "trapping" 
in the brain of the 2-PAM fonned in sfc resulted, and obviously no brain-specific, sustained delivery occurred as any 

5 consequence thereof: the 2-PAM was elintinated as fast from the brain as it was from the general drcuiation and other 
organs. Compare U.S. Patents Nos. 3,929,813 and 3.962.447; Bodor et al, J. Pharm. Sci. SL No. 5. 685 (1978). See 
also Bodor, "Novel Approaches for the Dest^ of Membrane Transport Properties of Drugs", in Design of Bio oharma- 
ceutical Properties Through Prodrugs and Analogs. Ftoche. E.B. (ed.), APhA Academy of Phamriaceutical Sciences, 
Washington. D.C., 98-135 (1976). Subsequent extension of this first approach to delivering a much larger quaternary 

10 salt, berberine. to the brain via its dihydropyridine prodrug form was, however, found to provide site-specific sustained 
delivery to the brain of that anticancer agent. See Bodor et ai, Science. Vol. 21 4. December 18. 1981 , pp. 1 370-1372. 

The second approach for delivering dmgs to the brain using the redox system Involves the use of a pyridinium car- 
rier chemically linked to a biologically active compound. Bodor et al. Science. Vol. 214. Decen*>er 18, 1981 , pp. 1370- 
1 372, outline a sdieme for this specific and sustained delivery of drug species to the brain, as depicted in the following 

IS Scheme I : 
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45 According to the scheme in Science , a drug [D] Is coupled to a quaternary carrier [QC]* and the [D-QCr which results 
is then reduced chemically to the lipoidal dihydro form [D-DHC]. After administration of p-DHC) in vivo, it is rapidly dis- 
tributed throughout the body, including the brain. The dihydro form [D-DHC] is then in situ oxidized (rate constant, k^) 
(by the NAD ^ NADH system) to the ideally inactive original [D-QCJ* quaternary salt which, because of its ionic, 
hydrophilic character, should be rapidly eliminated from the general circulation of the txxiy while the blood-brain bamer 

so should prevent its elimination from the brain (k3»k2; k3»k7). Enzymatic cleavage of the [D-QCr that is "k)cked" in the 
brain effects a sustained delivery of the drug species [D]. followed by its normal elimination (ks), metatx>lisni A properly 
selected earner {QCJ* will also be rapidly eliminated from the brain (K6»>^2)- Because of the facile elimination of {D- 
QC]* from the general circulation, only minor anx)unts of drug are released in the body [k3»K4); [D] will be released 
primarily in the brain (k4>k2). The overall result ideally will be a brain-specific sustained release of the target drug spe- 

55 cies. Specifically. Bodor et al worked with phenylethylamine as the drug nxxlel. That conpound was coupled to nicotinic 
acid, then quaternized to give conpounds of the formula 
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which were subsequently reduced by sodium dithionite to the corresponding corrpounds of the formula 



15 



(R - CH3 or CH 




R 



20 Testing of the N-methyl derivative in mO. supported the criteria set forth in Scheme I. Bodor et al speculated that various 
types of drugs might possibly be deliv^ed using the depicted or analogous carrier systems and indicated that use of N- 
methylnicotinic ackJ esters and amides and their pyridine ring-substituted derivatives was being studied for delivery of 
amino- or hydroxyl-containlng drugs, including small peptides, to the brain. No other posstole specific carriers were dis- 
closed. Other reports of this work with the redox carrier system have appeared in The Friday Evening Post. August 14, 

25 1981. Health Center Communications, Uraversity of Rorida. Gainesville. Florida; Chemical & Engineering News. 
Decentier 21, 1981. pp. 24-25; and Science News. January 2, 1982. Vol. 121. No. 1. page 7. More recently, the redox 
canier system has been substantially extended in terms of possible carriers and drugs to be delivered. See Interna- 
tional Patent Application No. PCTAJS83/00725. filed May 12. 1983 and published November 24. 1983 under Interna- 
tional Publication No. WO83/03968. Also see Bodor et al. Pharmacology and Theraoeutics, Vol. 19. No. 3. pp. 337-386 

30 (1983); and Bodor United States Patent No. 4,540.564, issued September 10. 1985. 

The third approach for delivering drugs to the brain using the redox system provides derivatives of centrally acting 
amines in which a primary, secondary or tertiary amine function has been replaced with a dihydropyridine/pyridinium 
salt redox system. These brain-specific analogs of centrally acting amines have been recently described in International 
Patent Application No. PCT/US85/00236. filed February 15, 1985 and published September 12. 1985 under Interna- 

35 tional Publication No. WO85/03937. The dihydropyridine analogs are characterized by the structural formula 



40 




wherein D is the residue of a centrally acting primary, secondary or tertiary amine, and 
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is a radical of the formula 
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wherein the dotted line in formula (a) indicates the presence of a doiible bond in either the 4 or 5 position of the dihy- 
dropyridine ring; the dotted line in formula (b) indicates the presence of a douk>!e bond in either the 2 or 3 position of the 
dihydroquinoline ring system; m is zero or one; n is zero, one or two; p is zero, one or two. provided that when p is one 

15 or two. each R in formula (b) can be located on either of the two fused rings; q is zero, one, or two. provided that when 
q is one or two, each R in formula (c) can be located on either of the two fused rings; and each R is independently 
selected from the group consisting of halo. CyCy alkyl, CyOj alkoxy. C^'Cs alkQxycartx>nyl. C2-C8 alkanoylcxy. CyO^ 
haloalkyl. C1-C7 alkyJthio, OyCy alkyteulfinyl, C1-C7 alkyisuHonyi. -CH = NOR*" wherein R*" is H or CyOj alkyl. and - 
CONR'R" wherein R' and R". which can be the same or different, are each H or C^-Cj alkyl. These cfihydropyridine ana- 

20 logs act as a delivery system for the corresponding biologically active quaternary compounds ia vivo. Due to its 
lipophilic nature, the dihydropyridine analog will distribute throughout the body and has easy access to the brain through 
the tsiood-brain t^anier. Oxidation in vivo will then provide the quaternary form, which will be "locked* preferentially in 
the brain. In contradistinction to the drug-carrier entities descrtoed in Bodor US. Patent No. 4.540.564 and related pub- 
lications, however, there is no readily metabolically deavable bond between drug and quaternary portions, and the 

25 active species delivered is not the original drug from which the cfihydro analog was derived, but rather is the quaternary 
analog itself. 

Each of the major dihydropyridine o pyrrdiniimi redox systems for brain-targeted drug delivery thus has its own 
unique characteristics but also has properties in common with the other approaches. Common to the various 
approaches is introduction of a dihydropyridine-type nucleus into the drug niolecule. which renders the dihydropyridine- 

30 containing drug derivative suk>stanttally more lipophilic than the parent drug from which it is derived. The increased 
Itpophilicrty enat)les the derivative to readily penetrate biological membranes, including the blood-brain barrier. Also 
comnx)n to the various approaches is the fact that the "redox" nature of the dihydropyridine-type moiety means that the 
lipophilic dihydropyridine form is oxidizable in vivo to the hydrophilic. ionic pyridinium salt form, thus locking in the brain 
either the active drug or the quaternary precursor, deperxling on which approach is employed. 

35 The dihydropyridine ripyridinium salt redox earner and analog systems have achieved remarkable success in tar- 
geting drugs to the brain in laboratory tests. This success is, of course, due in part to the highly lipophilic nature of the 
dihydropyridine-containing derivatives, which allows brain penetration. At the same time, the increased lipophilicrty 
makes it practically impossible to formulate aqueous solutions of these derivatives for injection; rrwreover, e/en when 
the dihydropyridines are dissolved in organic solvents such as dimethytsulfoxide, they have a propensity for precipitating 

40 out Of solution upon injection, particularly at higher concentrations, and especially at the injection site' or in the lungs. 
Indeed, even in the absence of noticeable crystallization, it has been found that the redox derivatives frequently display 
not only the desired concentration in the brain but undesired lung concentrations as well, so that while the brain to blood 
ratios are at appropriate high levels, the initial lung to brain levels are high as well. Still further, the dihydropyridine-con- 
taining derivatives suffer from stability problems, since even in the dry state they are very sensitive to oxidation as well 

45 as to water addition. These problems, which must be overcome so that the dihydropyridine *:$ pyridinium salt redox sys- 
tems can be fully commercialized, have been addressed by applicant s copending EPO Application No. 88312016.4, 
filed Decemt>er 19, 1988 and are also addressed by the present application. In particular, the present application 
addresses the problems related to unfavorat)le concentration^recipitation of the dihydropyridine « jyridinium salt redox 
systems at or near the injection site and/or in the lungs, following parenteral administration, as well as similar problems 

50 encountered with other drugs v^ich are insoluble, sparingly soluble and/or unstat)le in water. 

SUMMARY AND OBJECTS OF THE INVENTION : 

One obiect of the present invention is to provide improved aqueous parenteral solutions of drugs which are insolu- 
55 ble. sparingly solut>le and/or unstat>te in water. 

Another object of the present invention is to provide a method for the preparation of a composition for decreasing 
the tendency of lipophilic and/or water-instakjie drugs to precipitate at or near the injection site and/or in the lungs fol- 
lowing parenteral drug administration. 
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Yet another object of the present invention is to provide improved aqueous parenteral solutions containing the 
reduced, dihydrcpyridine form of a dihydropyridine « pyridinlum salt redox system fa brain-targeted drug delivery. 

Still another object of the present invention is to provide a method for the preparation of a composition lor decreas- 
ing the tendency of the reduced, dihydropyridine form of a dihydropyricfine « pyridinium salt redox system for brain-tar- 
5 geted drug delivery t precipitate at or near the injections site and/or in the lungs following parenteral administration. 

The present invention provides a parenteral drug formulation according to claim 1 . In a further aspect the invention 
provides a parenteral drug formulation according to claim 2. In a further aspect, the invention provides an aqueous drug 
formulation according to claim 27. In a further aspect the invention provides an aqueous drug fornruilation according to 
claim 28. In a further aspect, the invention provides an aqueous drug formulation aocorcfing to claim 30. In a further 
10 aspect, the invention provides an ^ueous drug fornulation according to claim 31 . In one aspect of the invention, the 
drug is the reduced btooxidizable. blood-brain barrier penetrating l^>otdat form of a cfihydropyridine pyridinium salt 
redox system for brain-targeted daig delivery, 

PESCRIPTIQN QF THE PRAWINGS: 

15 

Other objects and advantages of the present invention will be apparent from the following detailed description and 
accompanying drawings, in which: . 

RG. 1 is a pair of semi-logarithmic plots, the first comparing the concentrations of an estradiol-CDS. 17p-[(1- 
20 methyl-1,4-dihydro-3-pyridinyl)cartx)nytoxy]estra-1.3,5(10)-trien-3-ol. hereafter refen-ed to as E2-CDS. in lung tis- 
sue in per gram dose following systemic administration to rats of either 15 mg/kg Ej-CDS in dimethylsulfoxide 
(O) Of 5 mg/kg Eg-CDS inclusion complex with hydroxypropyl-p-cydodextrin (a) in water, con-ected for dose, and 
the second comparing the lung concentrations of the quaternary cation. 17p-[(1-methyl-3-pyridinium)carbony- 
loxy]estra-1, 3,5(1 0)-trien-3-ol, hereafter referred to as E2Q'^ or Quat, following the same E2-CDS administration: 
25 and 

RG. 2 is a bar graph illustrating, at selected time points, the concentrations of the quaternary cation. E2Cr or Quat. 
in the brain in ng per gram dose, following systemic administration to rats of either 15 mg/kg E2'CDS in dimethyt- 
sulfoxide (□) or 5 mg/kg E2*CDS inclusion complex with hydroxypropyl-p-cyclodextrin (■) in water, corrected for 
dose. 

30 

DETAILED DESCRIPTION OF THE INVENITION : 

The term lipophilic" is used herein to describe drugs which are llpid-soluble and hydrophobic, i.e. which are insol- 
uble or sparingly solii)te in water. 

35 The expression "parenteral" as used herein refers to routes of administration other than through the gastrointestinal 
tract or lungs, and to formulations for use in administering drugs by such routes. Thus, "parenteral" as used herein 
includes, for example, intramuscular, sufc>cutaneous intra-articular (i.e. into the joint, which in turn includes intra-syno- 
vial, i.e. into the synovial fluid) and, especially, intravenous routes and fornnulations. The words "parenteral" arxl "inject- 
able" are used interchangeably herein. ^ 

40 Numerous drugs suffer from problems associated with their lack of water solubility and/or lack of stability in water. 
These lipopNtic and/or water-labile drugs cannot re pra^icalty formulated as aqueous parenteral solutions. Conse- 
quently, the drugs are erth^ unavaitat^ie for injection at the present time, or they are available for injectable use only in 
combination with undesirable organic vehicles. Injection of such vehicles is undesirable because of the systemic and 
local toxicity which can result. Some of the organic solvents commonly used as vehicles include dimethylacetamkJe 

45 (DMA), dimethylsulfoxide (DMSO). propylene glycol (PG). benzyl alcohol and ethanoi. Examples of the toxicity associ- 
ated with these solvents include central nervous system depression, nystagmus, lymphocytosis, liver and kidney dam- 
age, blood disorders, jaundice, weight loss, anemia, convulsions, hallucinations, mutagenic effects, cyanosis, 
hypotension, bronchial spasms, cardiac standstill and death. 

Moreover, parenteral administration of lipophilic a water-labile drugs in aganic vehicles can result in precipitation 

50 of the drug at and/or near the injection site and/or in the lungs or otiier organs, which in turn leads to increased toxicity. 
Precipitation of drugs in the lungs, for example, has led to severe respiratory distress and even deatii in laboratory ani- 
mals. On the other hand, when lack of a suitable solvent results in the fact that the drug is only available as an oral for- 
mulation, then bioavailability becomes a concern since drugs are frequently less bioavailable from oral delivery forms 
than they are from parenteral, especially inti-avenous. fornr«. 

55 Among the lipophilic and/or water-labile drugs which are contemplated for use in aqueous parenteral formulations 
in accord with the present invention, there can be mentioned antineoplastics (anticancer/antitumor agents), sedatives, 
anti-inflammatory steroids, tranquilizers, anticonvulsants, antivirals, vitamins/nutiitional factors, emetics, anticoagu- 
lants, cardiotonics (including cardiac glycosides), diuretics, non-steroidal anti-inflamnrwtory agents (NSAID's), andro- 
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gens, estrogens, vasodilators, antidepressants, hypnotics, antifungals, progestins, antiprotozoals, anesthetics, 
vasoconstrictors, hypoglycemics, antftwcterials/anttoiotics. platelet inhibitors, nrusde relaxants, antienretics, racfiodiag- 
nostics. antispasmodics, antiarrhythmics, cartxmic ar\hydrase inhibitors; narcotic antagoniste. narcotic agonists, mixed 
narcotic agonists-antagonists, pharmacologically active proteins such as peptide horrTX)nes. enzymes, antixxiies arxJ 
5 * other biologically produced sut>stances. anti-ParkinsonisnVdopamineric agents and drugs for treating Alzh^mer's <fis- 
ease. 

Specific drugs contemplated for parenteral fbrrmilation with hydroxypropyl-p-cyclodextrin in accord with the preserrt 
invention include antineoplastics such as chlorambucil, tomustina melphalan. methotrexate, hexamethylmelamina ten- 
iposide, etoposide. semustine (methyl CCNU). fazarabine (Ara-AC). mercaptopurine. tubutazole. carmofur. canmustine. 

10 amsacrine, bruceantin, diazic^one. didemnin B. echtnomycin and PCNU; anti-inflanvnatory steroids such as dexame- 
thasone. hydrocortisone artd prednisolone; estrogens such as 17p-estradiol. 17a-ethynytestradtol, ethynylestracM 3- 
methyl ether and estriol; progestins such as rrarethirxirone. norethirxlrone acetate. rK>rgestrel. ethisterone. medroxypro- 
gesterone acetate and progesterone; antioonvulsants such as phenytoin (c£pheny1hydantoin); bart»turates such as 
pentobarbital, phenobartxtal and secobarbital, variously useful as hypnotics, antioonvulsants and sedatives; antivirals 

IS such as vidarabine; vitamins/nutritional factors such as retinol (vitamin A), vitamin A-acetate, cholecalcfferol arxi retinal; 
as well as other fat-solut}ie vitamins such as the E, D and K vitamins; emetics such as aponK>rphine: diure^cs such as 
chlorthalidone, furosemide and spironolactone; anticoa^lants such as cficumarol; cardiotonics such as digoodn and 
digitoxin; non-steroidal anti-inflammatory agents such as indomethacin, piroxicam and flurbiprofen; androgens such as 
17-methyltestosterone and testosterone; steroidal hypnotics/anesthetics such as atfaxalone; antidepressants such as 

20 sulpiride; antibiotics such as ampicillin and penicillin G; coronary vasodilators such as nitroglycerin and f lunarizine; hyp- 
notics such as etomidate; cart>onic anhydrase inhibitors such as acetazolamide; antifungals such as ketoconazole. itra- 
conazole, metronidazole benzoate and miconazole; ant^rotozoals such as flut>endazole; anesthetics such as 
lidocaine: hypoglycemics such as acetohexanvde; anti-emetics such as dimenhydrinate; antit}acteriats such as oo-tri- 
moxazote; dopaminergic agents such as L-DOPA; anti-Alzheimer's agents such as THA; fc>enzodiazepines. for example 

25 chtordiazepoxide. diazepam, medazepam. oxazepam and lorazepam. variously useful as sedatives, hypnotics, anticon- 
vulsants, tranquilizers and muscle relaxants; and prostaglandins, for exarrple PGE's such as PQE^ (alprostadil), a 
vasodilator, and PGI2 (prostacyclin or epoprostenol). a platelet inhbttor. 

In one particularly prefered embodiment of tiie present invention, the drug contemplated for use in the instant 
parenteral formulations Is an antineoplastic. Antineoplastics such as chlorambucil, lonnustine. mephalan. hexamethyl* 

30 melamine. methotrexate, semustine, ten^oside, etoposide and fazarat>ine are particularly preferred. 

In another prefened errt^odiment of the invention, the drug contemplated for use in the instant parenteral formula- 
tions is the sleroidai anesthetic/hypnotic, alfaxalone. 

In yet another preferred embodiment of tiie invention, the drug contemplated for use in the instant parenteral for- 
mulations is the reduced, dihydropyridine form of a dihydropyridine ^ pyridinium salt redox system for brain-targeted 

35 drug delivery. 

With respect to the redox system for brain-targeted drug delivery, the fbiiowing definitions are applicat)le: 

The term "lipoidar is intended to designate a redox moiety which is lipid-soluble or lipophilic. 

The terms "redox carrier system" and "redox analog system" are interxJed to designate two different approaches to 
targeting drugs to the brain using a dihydropyridine « pyridinium salt system; compourxls representing either of tiiese 
40 approaches are contemplated for use with a selected cydodextrin in accord with the present invention. 

The redox carrier system provides for brain-targeted rfrug delivery by means of carrier-drugs, which in their reduced 
form, which is the form intended for administration, can be represented by the fornuila 

[D-DHC] 

45 

wherein [D] is a centrally acting drug species and [DHC) is the reduced, biooxidizable. blood-brain terrier penetrating, 
lipoidat form of a dihydropyridine ^ pyridinium salt redox carrier. In their oxidized form, which is the form "locked' in the 
brain from which the active drug is ultimately released, the carrier-drugs can be represented by the formula 

so [D-QCr X- 

where X' is the anion of a non-toxic pharmaceutically acceptable add, [D] is a centiBliy acting drug species and [QC]* 
is the hydrophilic. ionic pyridinium salt form of a dihydropyridine ^ pyridinium salt redox canier. The redox carrier 
approach is discussed hereinabove in the section entitled "BACKGROUND OF THE INVENTION"; historically, the car- 
55 rier system is the second type of redox system developed for delivering drugs to the brain. 

Various aspects of the redox carrier system have been described in detail in Bodor United States Paterrt No. 
4.479.932. issued October 30, 1984; Bodor United States Patent No. 4,540.564. issued September 10. 1985; Bodor et 
al United States Patent No. 4.617,298. issued October 14. 1986; and UNIVERSITY OF FLORIDA'S International Appli- 
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cation Na PCT/US83/00725. published under International Put3lication No. W083A)3968 on November 24, 1983. 

The redox analog system provides for brain-targeted drug delivery by means of new compounds containing a dihy- 
dropyridine t* pyridinium salt portion which, unlike th redox carrier, is not readily metabolically deavable from the orig- 
inal drug molecule. 

5 One redox analog approach, which provides derivatives of centrally acting amines in which a primary, secondary 
or tertiary amine function has b en replaced with a dihydropyridine » pyridinium salt redox system, is discussed here- 
inabove in the section entitled "BACKGROUND OF THE INVENTION"; historically, this analog syst m is the third type 
of redox system developed for delivering drugs to the brain. Various aspects of this analog system are deserted in 
detail in UNIVERSITY OF FLORIDA'S International Application No. PCTAJS85/D0236. published under International 

10 Publication No. WO85/03937 on September 12,1 985. 

Another redox analog approach provides novel amino adds and peptides corrtaining them which comprise a dihy- 
dropyridine t, pyridinium salt portion, the redox system being appended directly or via an alkylene bridge to the carbon 
atom adjacent to the cartxjxyl cartx>n. These amino adds and peptides are described in detail in UNIVERSITY OF 
FLORIDA'S copending European Patent Application No. 88302861.5. filed March 30. 1988. Briefly, the novel redox 

15 amino adds in the reduced form have the structural formula 



20 




wherein Z is either a direct bond or -Cg alkylene and can be attached to the heterocyclic ring via a ring cartx>n atom 
or via the ring nitrogen atom; R^ is CyCy alkyl. C1-C7 haloalkyi or C7-C12 aralkyi when Z is attached to a ring carbon 
atom; Ri is a direct bond when Z is attached to the ring nitrogen atom; and R3, which can be the same or different, 

30 are selected from the group consisting of hydrogen, halo, cyano, CyCy alkyl, CrCy alkoxy. C2-C8 alkDxycarlx)nyl, C2- 
Cb aikanoytoxy. CyCj haloalkyi. CrCy all^lthio. C^-Cj alMsulfinyl, CyCy alkyisulfonyl. -CH = NOR*" v^fherein R'" is 
hydrogen or C^Cj alkyl, and -CONR'R" wherein R* and R", which can be the same or different, are each hydrogen or 
C^Cy alkyl; or one of R2 and R3 together with the adjacent ring cartwn atom forms a benzene ring fused to the hete- 
rocyclic ring, which benzene ring may optionally bear one or two sut)stituents, which can be the same or different. 

35 selected from the group consisting of hydroxy, protected hydroxy, halo, cyano. -C7 alkyl, -C7 alkoxy. C2-C8 alkoxy- 
caibonyt, C^-Cg alkanoyloxy, CyOj haloalkyi. CyCy alkyfthk). CyCy alkylsuHinyl. CyCj alkyisulfonyl. -CH = NOR"* 
wherein R"' is hydrogen or CyCy alkyl, and -CONR'R" wherein R' and R". which can be the same or different, are each 
hydrogen or CyCy alkyl; R4 is hydrogen or a cartxjxyl protective group: R5 is hydrogen or an amino protective group; 
and the dotted lines indicate that the conrpourxJ contains a 1 .4- or 1 ,6<lihydropyridine. a 1 .4- or 1 ,2-dihydroquinolirTe. : 

40 or a 1 .2-dihydroisoquinoline ring system. 

The new dihydropyridine amino acd analors depicted above and the corresponding oxidized forms are useful in 
the preparation of novel redox peptides of the partial formulas: 
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the new peptide analogs of partial structure (A) act as a delivery system for the correspondir^ quaternary salts of partial 
structure (B) in yiyg; the quaternary derivatives, which also are chemical intermediates to the dihydro compounds, are 

30 pharmacologically active or convertible jn yiye to pharnr^cologically active peptides, and are characterized by site-spe- 
cific and sustained delivery to the brain when administered via the corresponding dihydrop/ridine form. Methods for the 
preparation of these analog amino acids and peptides utilize methods known in the art for introduction of the dthydro- 
pyridine pyridinium salt moiety or a precursor thereof, e.g. from the aforemerrtioned International Publications Nos. 
WO83/03968 and WO85/03937. appropriately confined with well-known methods for peptide synthesis. Ultimately, the 

35 quaternary forms of the anmno acids and peptides are subjected to reduction to afford the corresponding dihydropyrid- 
ines. according to the methods of the Bodor U.S. patents and above-mentioned published PCX applications. 

In a preferred aspect of the present invention, ther redox system selected for use with a hydroxypropyl. hydroxye- 
thyl. glucosyl, maltosyl or maltotriosyl derivative of p- or y-cyclodextrin in accord with the present invention is a redox 
carrier system. The drug and carrier portions of the redox carrier system are described in more detail bebw and of 

40 course in the various cannier patents and patent applications identified above. Selection of appropriate drugs and carrier 
moieties need not be limited to specific drug" .^nd specific carriers disclosed in the aforementioned patents and appli- 
cations or in the present application, just so long as the selected drug and carrier meet the general requirements of the 
drug/carrier system as described in the aforenoted documents. 

The term "drug" as used herein means any substance intended for use in the diagnosis, cure, mitigation, treatment 

45 or prevention of disease or in the enhancement of desirable physical or mental development and conditions in man or 
animal. 

By "centrally acting" drug species, active agent or conrpound as utilized herein, there is of course intertded any drug 
species or the tike, a significant (usually principal) pharmacological activity of which is CNS and a result of direct action 
in the brain. 

so Exemplary such centrally acting drug species are the CNS-amines and other nervous system agents, whether 
sympathetic or parasympathetic, e.g., phenyl ethylamine (a stimulant), dopamine (a neurotransmitter and dopaminergic 
agent used, e.g., in the treatment of Parkinsonism or hyperprolactinemia). tyramine (a stimulant). L-DOPA (a dopamine 
precursor used, for example, in the treatment of Parkinsonism); muscle relaxants, tranquilizers and antidepressants, 
e.g., benzodiazepine tranquilizers such as diazepam and oxazepam and phenothiazine tranquilizers such as carphen- 

55 azine, fluphenaztne and the like: mild and strong analgesics and narcotics: sedatives and hypnotics: narcotic antago- 
nists; vascular agents; stimulants; anesthetics: snnall peptides, such as the di-, tri-. tetra and pentapeptides. and other 
small 2-20 amino acid unit containing peptides, e.g. the enkephalins (for example, Tyr-GIy-Gly-Phe-Leu), which, 
besides being analgesics, initiate epileptic activity in the brain at doses that are about tenfold lower than for effecting 
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analgesic activity: growth-promoting sitetances; antiepileptic and anticonvulsant drugs generally, inducing hydantoins 
such as phenytoin and ethotoin. barbiturates such as phenobartjital; hormones, such as the steroid hormones, e.g.. 
estradiol, testosterone, 1 7 a-ethynyl testosterone (ethist rone), and th like (recent studies on histological mapping of 
hormone-sensitive and specific steroid binding cells in the brain have underscored the importance of th steroid action 
in the brain on sexual behavior); anphetamine-like drugs; anticancer and anti-Parkinsonism agents; anti-hypertensives, 
agents to enhance learning capacity arxl the menx)ry processes, including treatment of demerrtias, such as Alzheimer's 
disease, such as 9-amino-1,2,3,4-tetrahydroacridine; antibacterials; centrally acting hypotensive agents; centrally act- 
ing prostaglandins, such as PGD2; diagnostic agents, such as radiopharmaceuticals; monoan^neowdase (MAO) inhib- 
itor drugs; CNS or brain important/essential amino acids, such as tryptophan (which is an antidepressant as well as a 
nutrient): and any like centrally acting compounds. For the purposes of this invention, dopa or L-DOPA is not classified 
as an amino acid but rather as a CNS amine and dopaminergic agent used, e.g. in the treatnfwnt of Parkinsonism. 

Other illustrative ultimate species of centrally acting drug entities are: amphetamine, dextroamphetamine, levam- 
phetamine, aletamine, cypenamine. fencamfamin. fenozolone, zytofuramine. methamphelamine. phenmetrazine arxJ 
phentermine, which are sympathomimetic amines/cerebral stimulants and appetite suppressants; etryptanrnne. a cere- 
bral stimulant; codeine, oxycodone, pentazocine, anileridine, hydronrKKphone, morphine and cxymorphone, which are 
narcotic analgesics; desipramine. nortriptyline, octriptyline. maprotiline. optpranrtol and protrptytine. which are cerebral 
stimulantsrtricylic antidepressants of the dibenzazepine type used, e.g.. in endogenous depressions; ctonidine and 
methyldopa. which are synrpatholytic agents used, e.g., in hypertension: biperiden, cycrimine and procyclidine, which 
are centrally acting anticholinergics; tranylcypromine, a sympathomimetic cerebral stimulant/MAO inhibitor and antide- 
pressant; acetophenazine, carphenazine, fluphenazine. perphenazine and piperacetazine. which are phenothiazine- 
type tranquilizers; benzoctamine. a sedative/muscle relaxant which structurally is an analogue of the phenothiazine 
tranquilizers; chtordiazepoxide, clorazepate. nitrazepam and temazepam. which are benzodiazepine-type tranquiliza's; 
noracymethadot, a narcotic analgesic of the methadone type; piminodine, a narcotic analgesic of the meperidine type; 
tracazolate. a sedative/nypotensive; prizidiiol. a centrally acting hypotensive; sulpiride, an antidepressant^ychotropic; 
haloperidol and ciopenthixol. which are tranquilizers; norepinephrine, a synrpathetic stimutant/adrenergic agent; nalor- 
phine and naloxone, narcotic antagonists; hydralazine, a hypotensive; ethotoin, phenot>arbital and aminoglutethinude. 
anticonvulsants; epinephrine, an adrenergic agent; ethamrvan, a medullary stinruilant; bemegride. a barbiturate antag- 
onist; amiphenazoie, a stimulant; iopydol, iodopyracet. iodoippurate (o-iodohippuric acid), iodamide and iopanoic acid, 
which are radiodiagnostics; ephedrine. pseudoephedrine, oxymetazoline and phenylephrine, which are sympathomi- 
metic amines and decongestants; estradiol, estrone and estrtot. the natural estrogens; amoxicitlin, oxacillin, carbenicil- 
lin, benzylpenicillin, phenoxymethylpenicillin. methicillin, nafcillin. ticarcillin, t^acanpicillin. epictllin. hetadllin. 
prvampacillin, the methoxymethyl ester of hetacillin. and ampiciltin, which are penicillirrtype antit>iotics; amobarbital. a 
sedative; trihexyp)henidyl, a centrally acting anticholinergic; hydroxyzine, a tranquilizer; chlortetracydine, demeclocy- 
cline. minocydine. doxycyctine. oxytetracycline, tetracycline and methacydine. which are tetracyciine-type antibiotics; 
fturazepam, bromazepam, demoxepam arxi lorazepam, benzodiazepine tranquilizers; phenytoin, an anticonvulsant; 
glutethimide. a mikJ hypnotic/sedative; dindamycin. lincomycin, nalidixic acid, oxolinic acid and phenazopyridine, anti- 
bacterials/antibiotics; bethanidine and guanethidine, hypotensives/synrpatholytics; captopril. a hypotensive; methypry- 
lon, a mild hypnotic; amedalin, bupropion, cartazolate. daledalin, drfluanine. fluoxetine and nisoxetine, which are 
cerebral stimulants; propranold. a p-blocker antihypertensive; cloxacillin and dicloxacillin. penidllin-type antibacterials; 
butalbrtat, a barbiturate sedative; GABA. 7-vinyl GABA. y-acetylenic GABA. neurotransmitters for possit>le use in epi- 
lepsy; valproic acid and itr -netaboIHes such as 5-hydroxy-2-niDropytpentanoic acid. 4-hydroxy-2-n-propylpentanoic 
acid, 3-hydroxy-2-n-propylpentanoic add. for use as anticonvulsants; valpromide, a valproic acid derivative for use as 
an anticonvulsant; apomorphine, a narcotic depressant/emetic which has been used in the treatment of photosensitive 
epilepsy; pholcodine, a narcotic antitussive; methotrexate, mitoxantrone, podophyllotoxin derivatives (etopside, tenipo- 
side). doxorubicin, daunamycin and cydophosphamide anti-cancer/antitumor agents; methylphenidate. a stimulant: thi- 
. opental, an anesthetic; ethinyl estradiol and mestranol, estrogens; meptazinol. cyclazocine. phenazocine. profadol. 
metopon. drocode and myfadol. which are narcotic analgesics; buprenorphine, nalbuphine, fcxjtorphanol, lesfallorphan, 
naltrexone, nalmefene, atazocine. oxilorphan and nalmexone. which are narcotic antagonists or agonist-antagonists; 
norgestret and norethindrone. progestins; cephalothin, cephalexin, cefazoltn. cefoxitin, moxalactam, ceforanide, cefrox- 
adine and cephapirin. cephalosporin antibiotics; atenolol, nadolol, timolol and metoprolol. p-blockers/hypotensives; 
ACTH (corticotropin) a hormone which stimulates glucocorticoid production; LHRH. a neurotransmitter which stimu- 
lates seaetion of the pituitary hormones. LH and FSH. and has been used to induce ovulation as well as for fertility con- 
trol/contraception; sulfadiazine and other sulfonamide antibiotics; ribavirin and acyclovir, antiviral agents; chlorambudi 
and melphalan. nitrogen mustard-type anticancer/antitumor agents; methotrexate and aminopterin. which are folic acid 
antagonist-type anticancer/antitunx)r agents; platinum coordination complexes, i.e. cisplatin analogue-type antican- 
cer/antitumor agents: dactinomycin and mitomycin C, user in cancer chemotherapy; thioguanine, a purine/pyrimidine 
antagonist used in cancer treatmerrt; vincristine and vinblastine, anticancer alkaloids; hydroxyurea and DON, antican- 
cer urea derivatives; FSH, HCG and HCS, pituitary and non-pituitary gonadotropins, used, for example, in certain repro- 
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ductive disorders: N.rf-bis{dich!oracetylh1.8<)(rtamethyIened^ (fertilysin), an agent for male fertiTrty inhbition; 
levorphanol a narcotic anaJgesic; benzestrol and diethyistilbestrol, synthetic estrogens; ethyl p-cartx)Iine-3-cartx)xy- 
late. a benzodiazepine antagonist; furosemide; a diuretic/antihypertensive; dq3yridanrx>le arvi nifedipine, coronary 
vasodilators; and progabide, a GABA-agonist and prodrug of GABA. Yi^ other uttinnate species include non-steroidal 

5 antiinflammatory agents/non-narootic analgesics, e.g. propionic add derivatives, acetic acid derivatives, fenanmc add 
derivatives and biphenytcartxsxyllc add derivatives. Specific NSAID's/non-narcotic analgesics contemplated for combi- 
nation with the redox carrier include Sx^rofea naproxen. flurt>iprofen. zomepirac. sulindac. indomethadn, fenbufen. 
fenoprofen. Indoproxen* keloprofen. f tuprofen; budoxic add, totmetin. alclofenac, fendozic add. bufenac. f lufenisal, pir* 
profen, flufenanBC add. mefenamic add. donixeril. donixin. medofenamic add. flunixin, didofenac, carprofen, 

10 etoddac, fendosal, prodolic add, senmetadn, indoxole, tetrydamine. diflunisal. naproxo^, piroxicam. metazamide. flu- 
tiazin and tesicam. 

Prefen-ed dasses of centrally ading drugs for combination with the redox earner are the central neurotrar^mitters. 
steroids, anticancer and antitumor agents, antiviral agents, tranquilizers, memory enhancers, hypotensives, sedatives, 
antipsychotics and ce-ebral stimulants (especially tricyclic antidepressants). AnrK>ng the neurotransmitters, there can 

15 be n^entioned amino adds, such as GABA. GABA derivatives and other omega-amino adds, as well as glydne. 
glutamic add. tyrosine, aspartic add and other natural amino adds; catecholamines, such as dopamine, norepine- 
phrine and epinephrine; serotortin. histamine and tryptamine; and peptides such as neurotensin, luteinizing hormone- 
releasing hornrone (LHRH), somatostatin, enkephalins such as met^-enkephalin and leu^-enkephalin, endorphins such 
as r. a- and p-endorphins. oxytodn M and vasopressin. Synthetic and semi-synthetic analogues, e.g. analogues of 

20 LHRH in which one or more amino acid(s) has/have been eliminated and/or replaced with one or mae different amino 
add(s), and which may be agonists or antagonists, are also contemplated, e.g. the primary and secondary amine 
LHRH analogues disdosed in United States Patents No. 4,377.574. 3.917.825. 4.034,082 and 4.338.305. Among the 
steroids, there can be mentioned antl-inflanrvnatory adrenal cortical steroids such as hydrocortisone. t)etamethasone, 
cortisone, dexamethasone, f lumethasone. fluprednlsolone. meprednisone. methyl prednisolone prednisolone, pred- 

25 nisone. trianxinolone. cortodoxone. fludrocortisone, flurandrendone acetonide (flurandrenolide). paramethasone and 
the like; male sex hormones (androgens), such as testosterone and its dose analogues, e.g. methyl testosterone (17- 
methyttestosterone); and female sex hormones, both estrogens and progestins, e.g. progestins such as norgestret. 
norethindrone, norethynocfrel. ethisterone. dimethisterone. allylestrenol. cingestol, ethynerone. lynestrenol. norgester- 
one. non^inisterone. ethynodiol, oxogestone arxi tigestd. and estrogens such as ethinyl estradid. mestrand. estradiol, 

30 estrid. estrone and quinestrd and the like. Among the anticancer and antitumor agents, there can be mentioned Ara- 
AC. pentostatin (2'<leoxycoformydn), Ara-C (cytarabine), 3-deazaguanine, diydro-5-azacytidine. tiazofurin, sangrvamy- 
cin. Ara-A (vitarabine). 6-MMPR. PCNU. FENU. HENU and other nitrosoureas, spiromustine, bisbenzimidazole. L-ala- 
nosine (6-diazo-5-oxo-L-norieucine), DON. L-ICRF. trimethyl TMM, 5-methyltetrahydrohomofolic acid, glyoxylic add 
sulfonylhydrazone, DACH, SR-2555, SR-2508, desmethylmisonidazde, mitoxantrone. menogard. aclacinomydn A. 

35 phyllanthoside. badobdin. aphidocolin, honKshamngtonine. levonantradol. advidn. streptozotocin. hydroxyurea, chlo- 
rambucil, cydophosphamide. uracil mustard, metphalan, 5-FU (5-fluorouradl), 5-FUDR (ffoxuridine). vincristine, vin- 
blastine, cytosine arabinoside. 6-mercaptopurine. thioguanine, 5-azacytidine, methotrexate, adriamydn (doxori^icin), 
daunomydn (daunorubldn). targomydne polypeptide, aminopterin, dactinomyctn. mrtomydn C. arxj podophyllotoxin 
derivatives, such as etoposide (VP-16) and teniposide. Among the antiviral agents, there can be mentioned rit)avirin; 

40 acydovir (ACV): amantadine (also of possible value as an anti-Parkinsonism agent); diarylamidines such as 5-amidino- 
2-(5-amidino-2-benzofuranyl)indo»p and 4',6-diimidazolino-2-phenyIbenzo-(b)thiophene; 2-aminooxazoles such as 2- 
guanidinO'4,5-di-n-propyloxazoie and 2*guanidino-4.5-diphenyloxazole; benzimidazole analogues such as the 5>rn and 
anfe isomers of 6[[(hydroxyimino)phenyl]methyI]-1-[(1-methylethyl)sulfonyI]-1H-k>enzimidazd-2-amine; bridgehead C- 
nudeosides such as 5,7-dimethyl-2-p-D-ribofuranosyl-s-triazole(1.5-a)pyrimidine; glycosides such as 2-deoxy-D-glu- 

45 cose, glucosamine. 2-deoxy-2-fluoro-D-mannose and 6-aminp-6<leoxy-D-glucose; phenyl glucoside derivatives such 
as phenyl-6-chloro-6-deoxy-p-E-glucopyranoside; (S)-9-(2,3-dhydroxypropyl)adenine; tiazofurin; selenazofurin; 3-dea- 
zauridine; 3-deazaguanosine; DHPG; S-azauridine; idoxuridine; trifluridine (trifluorothymidine); BDVU (bisdihydroxyvi- 
nyluridine); zidovudine (A2T); dideoxycytidine; and 5.6<Jichioro-1-p-D-rlt)Ofuranosylbenzimidazole. Among the anti- 
cancer/antitumor and antiviral agents, those of the nudeosidetype (i.e. a purine or pyrimidine t)ase-type structure bear- 
so ing a singly or multiply hydroxylated substituent) are of particular interest. This group indudes such compounds as Ara- 
AC, pentostatin. Ara-C. dihydro-5-azacytidine, tiazofurin, sangivamycln. Ara-A, 6-MMPR. desmethylmisonidazde, 5- 
FUDR. cytosine arabinoside. 5-azacytidine. ribavirin, acydovir, (S)-9-(2,3-dihydroxypropyl)adenine. 6-azaurtdine. 5.6- 
dichloro-1 -p-D-ribofuranosylbenzimidazoIe, 5,7-dimethyl-2-p-D-ribofuranosyl-s-triazo!e(1 .5-a)pyrimidine. zidovudine 
(AZT). dideoxycytidine. dideoxyadenosine. dideoxyinosine and DHPG. Among the tranquilizers, there can be men- 

55 ttoned benzodiazepine trarK^uilizers. such as diazepam, oxazepam, lorazepam, chiordiazepoxide. fliB^azepam, bro- 
mazepam, chlorazepate, nitrazepam and temazepam; hydantoin-type tranquilizers/anticonvulsants such as phenytdn, 
ethotdn, mephenytoin; phenothiazine-type tranquilizers such as acetophenazine. carphenazlne, fluphenazine. per- 
phenazine and piperacetazine; and others. Among the hypotensives, there can be mentioned donidine, methyldopa, 
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bethanidin , debrisoquin, hydralazine, and guanelhidine and its analogues. Among the sedatives, tranqiilizers and 
antipsychotics, there can be mentioned the many specific compounds of this type disclosed above, especially the phe- 
nothiazines and tjenzodiazepines and their analogues. Anxjng the cerebral stinujlants, there also can be mentioned th 
many specific compounds set forth hereinabove, particularly the sympathomimetic amine-type cerebral stimulants and 
the tricyclic antidepressants, especially preferred tricyclics being the dibenzazepines and their analogues. 

Also illustrative of the centrally acting drug species contemplated for conrt)ination with the redox carrier are cen- 
trally active metabolites of centrally acting drugs. Such metabolites are typified by hydroxylated metabolites of tricyclic 
antidepressants, such as the E- and 2-isom rs of lO-hydroocynortriptyiine, 2-hydroxyimipramina 2-hydrQxydesipramine 
and 8-hydroxychloripramine; hydroxy-lated metabolites of phenothiazine tranquilizers. e.g. 7-hydroxychIorpromazine; 
and desmethyl metabolites of N-methyl benzodiazepine tranquilizers, ag. desmethy!<Jiazepam. Other CNS active 
metabolites for use herein will be apparent to those skilled in the art. e.g. SL 75102, wNch is an active metabolite of 
progabide, a GABA agonist, and hydrcocy-CCNU. which is an active metabolite of CCNU. an anti-cancer nitrosourea. 
Typically, these CNS active metabolites have been identified as such in the scientific literature but have not been adnvn- 
istered as drugs themselves. In many cases, the active metabolites are believed to be conparable in CNS activity to 
their parent drugs; frequentiy. however, the metabolites have not been administered egr because they are not ttiem- 
selves able to penetrate the blood-brain barrier. 

As indicated hereinabove, diagnostic agents, including radiopharmaceuticals, are encorrpassed by the expression 
"centrally acting drug' or the like as used herein. Any diagnostic agent which can be derivatized to afford a redox carrier 
system which will penetrate the BBB and concentrate in the brain in its quaternary form and can be detected therein is 
included. The diagnostic may be "cold" and be detected by X-ray (e.g. radiopaque agents) or other means such as 
mass spectrophotometry, NMR or other non-invasive techniques (e.g. when the compouid includes stable isotopes 
such as C13, N15, 018. S33 and S34). The diagnostic alternatively may be "hot", i.e. radiolabelled. such as with rali- 
oactive iodine (M 23, 1 125, 1 131) and detected/in^aged by radiation detection/imaging means. Typical "cold" diagnos- 
tics for derivation herein include o-iodohippuric acid, iotiialamic acid, topydol, iodamide and iopanoic acid. Typical 
radiolabelled diagnostics include diohippuric acid (1 125, 1 131). diotyrosine (1 125. 1 131). o-iodohippuric acid (1 131). 
iothalamic acid (1 125, 1 131), thyroxine {I 125. 1 131). iotyrosine (I 131) and iodometaraminol (1 123), which has the 
structural formula 



In the case of diagnostics, unlike the case of drugs which are for the treatment of disease, the "locked in" quaternary 
form will t>e the form that is imaged or otherwise detected, not the original diagnostic itself. Moreover, any of the cen- 
trally acting drugs which are intended for the treatmerrt or prevention of medical disorders but which can be radioia- 
belied, e.g. with a radioisotope such as iodine, or labelled witii a stable isotope, can thus be converted to a diagnostic 
for incorporation, into thr redox carrier system. 

It will be apparent from the known structures of the many drug species exemplified above, that in many cases the 
selected drug will possess more than one reactive functional group, and, in particular, that the drug may contain 
hydroxy! or cartx)xyt or anrtino or other functional groups in addition to the groups to which the carrier will be linked, and 
that these additional groups will at times t>enefit from being protected during synthesis and/or during administration. 
The nature of such protection is described in more detail in the various patents and patent applications referred to 
herein. Obviously, such protected drug species are encompassed by the definition of "drug" set forth hereinatxve. 

It too will be appreciated that by "dihydropyridine carrier" or "[DHC]", there is intended any non-toxic carrier moiety 
comprising, containing a including the dihydropyridine nucleus, whether or not a part of any larger basic nucleus, and 
whether substituted or unsubstituted, the only aiterion therefor being capacity for BBB penetration and in vivo oxidation 
thereof to the corresponding quaternary pyridinium salt cannier [00]"^. As aforesaid, the ionic pyridinium salt drug/carrier 
prodrug entity [D-QC]*^ which results from such in yivQ oxidation is prevented from efflux from the brain, while elimina- 
tion from the general circulation is accelerated. Subsequently, the covalent or equivalent bond coupling the drug spe- 
cies [D) to the quaternary carrier [QCJ* is metabolically cleaved, which results in sustained delivery of the drug [D] in 
the brain and facile elimination of the carrier moiety [QC]*. Such "covalent or equivalent bond" between the drug and 
the quaternary carrier can be a sinrple direct chemical bond, e.g., an amide, an ester, or any other tike bond, or same 
can even be comprised of a linking group or function, e.g., a thiazolidine bridge or a peptide linkage, typically necessi- 
tated when the drug species is not susceptible to direct chemical coupling to either th dihydropyridine canier or the 
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quaternary carrier. Nonetheless, the bond in the formulae [D-QCT and p-DHQJ is intended to be, and is hereby defined 
as inclusive of all such altematives. And the cleavage of the p-QC]^ prodrug to sustainedly deliver the drug species [D] 
in the brain with concomitant fadl elimination of the carrier moiety [CXT is characteristkafly eruymati .g.. 
by esterase, anvdase. cholinesterase. hydroiytic enzyme, r peptidase. 

The expression "non-toxic pharmaceutically acceptable salts" as used herein generally includes the non-toxic salts 
of the reduced, dihydropyridine forms of the redox canier or redox analog systems, formed with nontoxic pharmaceu- 
tically acceptable inorganic or organic adds HX. For example, the salts include those derived from inorganic adds such 
as hydrochlaic. hydrobron^c. sulfuric, sulfamic, phosphoric, nitric and the like; and the salts prepared from organic 
adds such as acetic, profxonic, sucdnic, glyoolic. stearic, lactic, malic, tartaric, citric, ascorbic, pamdc. maleic. hydrox- 
ymaleic, phenytacetic, glutanvc. benzoic, salicylic. suHanilic. fumaric, methanesuHonic, tduenesuKonic and the like. The 
expression "anion of a non-toxic pharmaceutically acceptat)le add* as used herein. e.g. in connection wnth the oockfized, 
pyridinium salt forms of the redox carrier or redox analog systems, is intended to indude anions of such inorganic or 
organic adds HX. 

In the discussion to follow, the expression "at least one reactive functional group selected from the group consisting 
of amino, hydroxyl, mercapto, cartxixyl. amide and imide* or portions of that expression are used. The functional groups 
designated in that expression have the following meanings: 

The word "amino" means a primary or secondary amino function, i.e. -NHg or -NHR. The secondary amino furKtion 
is also represented herein as -NH-. particularly since the exact identity of the R portion of -NHR is immaterial, R being 
a part of the drug residue D itself which is left unchanged by conversk>n of the drug to the redox carrier system. 

The word "hydroxyl'* means an -OH function. 

The word "cartxjxyl" means a -COOH function. 

The word "mercapto" means an -SH function. 

The word "amkJe" means a carbamoyl (-CONHg) or sidDStituted carbamoyl (-CONHR) or a sulfanxsyl (-SO2NH2) or 
substituted sutfanwyl (-SO2NHR) functional group. The -CONHR and -SOaNHR groups may also be represented 
herein as -CONH- and ■SO2NH-, respectively, since the identity of R is immaterial, R being a part of the drug residue D 
itself which is left unchanged by conversion of the drug to the redox carrier system. 

The word "imide" means a functional group having the structure 



that is. the structure which characterizes imides (i.e. compoumte having a succinimide-type or phthalimide-type struc- 
ture). 

Many diffeient dihydropyridine ^ pyridinium salt redox carrier moieties are illustrated in the carrier patents and 
applications referred to hereinabove. The following is a list of representative nr^jor classes of di hydros and the corre- 
sponding quatemaries. but is not meant to be exhaustive: 

(1) For linkage to a drug having at least one hydroxyl or mercapto or primary or secondary amino functional group- 
ing, repladng a hydrogen atom from at least one of said functional groupings with one of the following [DHC] group- 
ings: 
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55 wherein the dotted line in fornujlas (a7, (b*) and (€) indicates the presence of a double bond in either the 4 or 5 posi- 
tion of the dihydropyridine ring; the dotted line in forniulas (d'), (e*) and (f) indicates the presence of a double borKi 
in either the 2 or 3 position of the dihydroquinoline ring; is C1-C7 alkyi, C1-C7 haloalkyi or C7-Cto aralkyl; R3 is 
Ci to C3 aikylene; X is -CONR'R", wherein R' and R", which can be the same or different, are each H or C1-C7 alkyl. 
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or X is -CH = NOFT wheren R*" is H or 0,-0; alkyl; the cart)onyl'Containing groupings in formulas (a*) and (cl and 
the X^jbstftuent in formula (b*) can each be attached at the 2, 3 or 4 position of the dihydropyridine ring; the cart>- 
onyl-containing groupings in formulas (d^ and (f) and th X substituent in formula (e>can each be attached at the 
2, 3 or 4 position of the cfihydroquinoline ring; and the cartx)nyl-containing groDpings in formulas (g*) and (j") and the 
X substituent in formula (h") can each be attached at the 1 , 3 or 4 position of the dihydroisoquindine ring. 
(2) For linkage to a drug having at least one cartxjxyl fmctional grouping, replacing a hydrogen atom from at \easi 
one of said carbaxyl g'oi^ngs with one of the following PHC] groupings: - 

(a) When there are one or more -COOH groups to be derivatized: 
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wherein the dotted line in formulas (i"), (ii*) and (iii*) indicates the presence of a double bond in either the 4 or 5 
position of the dihydropyridine ring; the dotted line in formulas (iV), (v*) and (vi') indicates the presence of a 
double bond in either the 2 or 3 position of the dihydroquinoline ring; T is CrCs straight or branched alkytene, 
preferably QyOr^ straight or branched alkylene; Q is -O- or -NH-; Ri is Ci-Cy alkyl. ZyQ,^ haloalkyi or C7-C10 
aralkyi; R3 is C1-C3 alkylene; X is -CONR R" wherein R' and R'\ which can be the same or different, are each 
H or CrCy alkyl. or X is -CH = NOR"' wherein R " is H or ZyQf alkyl; the X substituent in formula (ii*) and the 
cartwnyl-corrtaining grouping in formulas (i ) and (iii*) can each be attached at the 2, 3 or 4 position of the dihy- 
dropyridine ring; the X sutjstituent in formula (v ) and the carbonyi-containing groupings in formulas (iv') and 
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(vi*) can each be attached at the 2. 3 or 4 posHion of the dihydroquinoline ring; and the X substituent in formula 
(viO') and the cariDonyl-containing groupings in formulas (vu*) and (ix*) can each be attached at the 1 ,3 or 4 posi- 
tion of the dihydroquirK>line ring; 

(b) Alternatively, when there is only one -COOH group to be derrvatized: 
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or 



wherein the dotted line in formula (xii*) indicates the presence of a double bond in either the 4 or 5 position of 
the dihydropyridine ring: the dotted line in fornrula (xiii') indicates the presence of a double bond in either the 2 
40 or 3 position of the dihydroquinoline ring: 



is the skeleton of a sugar molecule; n*^ is a positive integer equal to the total number of -OH functions in the 
sugar molecule from which said skeleton is derived; n^ is a positive integer one less than the total number of - 
OH functions in the sugar molecule from which said skeleton is derived; each A in each of structures (xii*). (xiii*) 
50 and (xiv") can indeperxientfy be hydroxy or D*. D' being the residue of a centrally acting drug containing one 

reactive cart>oxyl functional group, said residue being characterized by the absence of a hydrogen atom from 
said cartx)xyl functional grotp in said drug; and each R4 in each of structures (x*) and (xi*) can independently 
be hydroxy. 
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wherein the dotted line is defined as with structures (xii") and (xiii^; D' is defined as with structures (Mi*), (xiii') 
and (xiv*): Ri is C1-C7 alkyl. OyO^ haloalkyi or C7-C10 aralkyi; and the depicted cartwnyl groupings can be 
attached at the 2, 3 or 4 position of the pyridinium or quinolinium ring or at the 1, 3 or 4 position of the isoqui- 
nolinium ring; with the proviso that at least one R4 in each of structures (x*) and (xi^ is 
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wherein the dotted fines and the position of the cartxxiyl-containing groupings are defined as above; and 
with the further pronso that when more than one of the R4 radicals in a given oompourxi are the aforesaid car- 
bonyt-containing gr upings, then all such cariX)nyi-containir^ groupir>gs in said compound are identical. 



(3) For linkage to a drug having at least one -NH* functional groi^) which is part of an amide or imide structure or 
at least one low pKa primary or secorxlary arrene functional group, replacing a hydrogen atom from at least one of 
said functional groupings with one of the following PHC] groupings: 
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55 wherein R is hydrogen, C^-Cy alkyi, Ca-Cg cycloalkyi, CyCj haloalkyi, fury!, phenyl, or phenyl substituted by one 
or more halo, lower alkyI, lower alkoxy, carbamoyl, lower alkoxycarbonyl. lower alkanoyloxy, lower haloalkyi. 
nrK)no(lower alkyl)carbamoyl. di{lower alkyl)carbamoyl. lower alkylthio, lower alkylsutfinyl or lower alkylsulfonyl; the 
dotted line in formulas (k ). (O and (m ) indicates the presence of a double bond in either the 4 or 5 position of the 
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dihydropyridine ring: the dotted line in formuias (n*), {6) and (p*) indicates the presence of a doMe bend in either 
the 2 or 3 position of the dihydroquinoline ring; Ri is C1-C7 alkyl. C1-C7 haloalkyi or Cj-C^q aralkyi: R3 is Ci to C3 
alkylene; X is -CONR'R", wherein R' and R", wtiich can be the same or cfiffer nt are each H or C^-Cy alkyi, or X is 
-CH = NOR" wherein R*" is H or CyCy alkyl; the carbonyl-containing groupings in formulas and 1^1 and the X 
5 sub^ent in fonnula (0 can each be attached at the 2. 3 or 4 position of the dihydropyridine ring; the carbonyl- 
containing groupings in fdmruiJas (n") and (p") and the X substituent in formula (o*) can each be attached at the 2, 3 
or 4 position of the dihydroquinoline ring; and the carlx)nyl-containing grotpin^ in formulas (cf) and (s") and the X 
substituent in formula (r^ can each be attached at the 1 . 3 or 4 position of the dihydroisoquinoline ring. 

10 Drugs containing secondary or tertiary hydroxyl functional groups can be linked to any of the PHC] groupings (k^ 
through (s") above in which the 

-CHO- 
I 

15 R 

portion is derived from an aldehyde RCH2O c^^e of reacting with said drug to form the corresponding hemiacetaL 
e.g. chlaal, acetaldehyde. formaldehyde or benzaldehyde. 
20 The following are especially preferred reduced, dihydropyridine forms of dihydropyridine ^ pyridinium salt redox 
carrier systems, also termed "chemical delivery systems" or "CDS", for brain-targeted drug delivery which are contem- 
plated for use in parenteral formulations with the selected cydodextrin in accord with the present invention: 
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The cyclodextrins contemplated for use herein are hydroxypropyl. hydroxyethyi, glucosyl, maitosyl and maltotriosyl 
derivatives of p-cyclodextrin and the corresporxJing derivatives of y-cyclodextrin. The hydroxyalkyi groupings may con- 
tain one or more hydroxyl groups, e.g. hydroxypropyl. dihydroxypropyl and the like. The glucosyl. maitosyl and maltotrl- 
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osyl derivatives may contain one or more sugar residues, eg. glucosyt or diglucosyL mattosyf or dimaltosyl. Various 
mixtures of the cyclodextrin derivatives may be used as well. e.g. a mixture of mattosyl and cfimattosyl derivatives. Spe- 
cific cyclodextrtn derivatives for use herein include hydraxypropyl-p-cyclodoctrin (HPCD or HPBCD). hydroxyethyl-p- 
cydodextrin (HEBCD), hydroxypropyl-rcydaJextrin (HPGCD) hyctroxyethyl-rcyclodextrin (HEGCO), dihydroxypropyl- 

5 p-cyctodextrin (2HPBCD). glucosyt-p-cydodextrin (Grp-CD or G,BCD). diglucosyl-p-cydodextrin {2GrP-CD or 
2G1BCD). maltosyl-p-cydodextrin (G^-p-CD a G2BCD). mattosyl-r-cyclodextrin {G^t^D or GgGCD). maltotriosyl-p- 
cydodextrin (G3-P-CD or G3BCD). maltotriosyl-rcydodextrin (Ga-rCD or G3GCD) and cfimattosyl-p-cydodextrin (2<^- 
p-CD or 2G2BCD), and mixtures thereof such as maltosyl-p-cyclodextrin/dimaltosyl-p-cydodextrin. 

Hydroxypropyl-p-cydodextrin for use in the methods of the present invention is commerdally available. Afterna- 

10 tivefy. it may be prepared by torown methods, especially by use of the optinrvzed procedure of Pitha et al. International 
Journal of Pharmaceutics, gg. 73-82 (1986). The following is a typical procedure using the Pitha et al methtod: 

31 g of sodium hydroxide were dissolved in 250 mL of water. Then, 1 CX) g of p-cyclodextrtn were added and the sol- 
vent was warmed to effect solution. The flask was cooled and 50 mL of propylene oxide were added. The flask was fit- 
ted with a dry ice/acetone condenser during the addition. The solution was allowed to come to room temperature and 

IS was stinted for 72 hours. The solution was then neutralized with concentrated hydrochloric acid and diluted with water. 
The solvent was renxsved in vacua living a symp which was taken up in ethanol. After stirring for 30 minutes at room 
temperature, the sodium chloride produced was removed by filtration. The filter cake was washed with etfianol and the 
combined ethanol layers were rec&jced in vacuo . The residue was dissolved in water and dialyzed in cellulose acetate 
(#7. 38 mm 4.6 mlVcm. molecular weight cut off « 1000, Fisher Scientific). After 5 hours at 0°C. the solution was 

20 removed from the dialysis tiding and freeze^jried. The resulting sotkl was suspended in acetone and stin'ed overnight 
The filtered soiki was resuspended In acetone and stirred for 24 hours. The solid was collected by filtration and dis- 
solved in 200 mL of water and then tyophiiized. 75 grams of purified hydroxypropyl-p-cydodextrin were obtained. The 
degree of substitution was cateulated tsy NMR and by conparison with an authentic sanrple. 

In forming a conplex with Eg-CDS, a 50% solution (w/w) of 2-hydroxypropyl-p-cydodextrin (HPCD) was made in 

zs distilled water. An excess of E2-CDS was added and the solution then was purged with helium. The resulting suspen- 
sion was then sonicated for 30 minutes, filtered through a glass filter (ASTM 1 0-15M, Pyrex No. 36060) and freeze-dried 
overnight. Best results were obtained by hard-freezing the aqueous solution of the E2-CDS/HPCD complex for at least 
10 hours before lyophilization. The degree of complex formation was determined by dissolving a small amount of the 
dry complex in methanol arxJ then analyzing by high pressure liquid chromatography (HPLC). The degree of complex- 

30 ation was found to vary between 20-40 mg/g and the solubility of the complex was determined to be 2.2x1 0^ mg/L. 

The Pitha et ai method for preparation of HPCD by conder^ation of propylene oxkJe with p-cydodextrin in alkaline 
aqueous solutbn unfortunately suffers from cfisadvantages. particularly in purifrcatk>n of the product. After completion 
of the condensation, the reaction mixture is neutralized with hydrochloric acid, water is evaporated under vacuum and 
the syrupy residue is dissolved in ethanol to precipitate sodium chloride, the main by-product of the reactbn. After fil- 

35 tration, ethanol is evaporated urxier vacuum and the residue is dissolved in water and dialyzed to remove the remaining 
sodium chloride and polymerization products of propylene oxide. During dialysis, part of the hydroxypropyl-p-cyclodex- 
trin goes through the membrane and is lost. The dialysate is then freeze-dried. twice stirred in acetone and washed to 
remove the remaining polymerization products. Finally, hydroxypropyl-p-cyclodextrin is freeze-dried again. The second 
freeze-drying is necessary because the product after washing with acetone is not homogeneous. 

40 To overcome these difficulties with the Pitha et al process, a new method has been developed by Maciej Smul- 
kowski of the University of Florida, Gainesville. Florida for the synthesis of HPCD. This new r.^ethor;Nt evolves removal of 
sodium hydroxide from the reaction mixture by an ion exchange resin (H*); as a result, several time-consuming steps 
of Pitha et al's purification can be avoided. Moreover, the amount of sodium hydroxide used by Pitha et al (7 equivalents 
for one of p-cyclodextrin) can be deaeased to 2 equivalents of sodium hydroxide per cydodextrin molecule, and still 

45 produce a product with the appropriate NM R and optical rotation. 

According to the new method, p-cyclodextrin is first condensed with propylene oxide in alkaline solution, sodium 
hydroxkie is removed on an ion exchange column (Dowex 50W-X8. H* form), the eluate is evaporated under vacuum 
to one-haK of the original volume, the remaining solution is freeze-dried, the resulting white solid Is washed with ace- 
tone and freeze-dried again, then subjected to grinding arxj sieving. Possible modifications of this method indude: (1) 

so use of the ionic exchange resin for neutralization in the reaction flask, with filtration of the resin and washing on the fitter 
funnel; (2) use of caldum. magnesium, lithium or potassium hydroxide to dissolve the cyclodextrin; (3) removal of 
hydroxides after the reaction by saturating the reaction mixture with cartx>n dioxide or neutralization with sulfuric add in 
place of the ion exchange resin; (4) use of even less sodium hydroxide (between 1 and 2 equivalents); arxJ (5) elimina- 
tion of the second freeze-drying. 

55 The following is a typical procedure using the new. improved method: 

50 g of p-cyclodextrin was dissolved in a solution of 3.53 g ot sodium hydroxide In 75 mL of water and treated with 
29 mL of propylene oxide at 0*C. The reaction mixture was maintained for 5 hours at that temperature, then was kept 
at room temperature for 42 hours. At the end of that time, the reaction mixture was passed through the Dowex 50W-X8 
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column (l-T form), the cxAumn was washed with water and the eluate was evaporated imder vacuum to a volume of 100 
mU then freeze<lried. The resulting white solid was washed with acetone to give 51 g of HPCD. with the same degree 
of substitution (4.7) and NMR as the HPCD prepared by the Pitha et al method. Residu on ignition was 0.0%. Optical 
rotation also was identical to that of the Prtha et al product. 

Condensation of 25 g of p-cyclodextrin using 7.71 g of sodium hydroxide gave similar results. 

A further improvement in th new, improved HPCD synthesis utilizes activated cartx)n for purification of the solution 
prior to the last freeze-drying. Thjs. wheri the aqueous solution from the Dowex 50 ionic exchange column was treated 
with activated carboa most of the polymerization products were removed without loss of HPCD, and the filtrate after 
only one washing with ethyl acetate was ready for final freeze<lrying. In this way, only one freeze<lrying was required. 
Crystallization of the final product instead of freeze<lrying is also possftile, at least on a small scale. 

The product from the nxxiff ied new process (using activated carbon) appears to be superior to that of the original 
new process and the Pitha et al process. Rrst, the product is snow white and produces a colorless aqueous solution* 
whereas solutions of the earlier products were yellow. Secondly the product is not oily, which may be due to removal of 
more highly sut>stituted, less solutsle, oily cydodextrins. 

HPCD can be prepared in varying degrees of substitution, such as 5 or 7. Typically the foregoing procedure is used 
to produce HPCD (ASDS 7). The mass spectra for the isomeric misture of HPCD centers around 7 degrees of substi- 
tution. This spectra is obtained by "softl/* ionizing the sample using fast atom bonr^ardment The generated spectra is 
simitar to those previously reported (obtained by Californium*252 plasma desorption) in tx>th the symmetry of the iso- 
mmc distritxrtion and the numerical spread of the isomers formed. 

Hydroxyethyl-p-cyclodextrin (HEBCD) can be prepared analogously to HPCD, utilizing the inproved procedure 
detailed above but substituting an equivalent quantity of ethylene oxide for the propylene oxide there employed. 

The synthesis of 2-hydroxypropyi^-cyclodextrin (HPGCD) similarly uses the same basic procedure as for HPCD. 
sut>stituting y-cydodextrin for the p-cydodextrin starting material. However, because r-cyclodextrin contains eight glu- 
cose residues compared to seven for p-cyclodextrin, the amount of propylene oxide used can be reduced in order to 
lower the degree of substitution. Use of 0.75 mole of propylene oxide per 0.077 mole of y-cyclodextrin (- 20% excess 
considering 8 OH groups) affords HPGCD with a degree of substitution of 8, while use of 0.56 mole of propylene oxide 
(- 10% less than equivalent) gives a degree of substitution of about 7. 

Hydroxyethyl-y-cydodextrin (HEGCD) can be prepared similarly to HPGCD as described in the preceding para- 
graph, simply using an equivalent quantity of ethylene oxide in place of the propylene oxide. 

Thus, the hycfroxyalkyi cydodextrins intended for use herein can be prepared by procedures deserved by Pitha et 
al or variations thereof. Obtained by these procedures, the cydodextrins are intrinsically amorphous nrvxtures. The 
inportance of the amorphous nature of the cydodextrins is described by Pitha et al, J. Pharm. Sd. . Vol. 74, No. 9. Sep- 
tember 1985, 987-990. The advantages of the amorphous nature of these materials are more pronounced at higher 
concentrations of cyclodextrin. 

The other cydodextrins intended for use in the present invention, i.e. the glucosyl, maltosyl And maltotriosyl deriv- 
atives of p- and y-cydodextrin. are branched cydodextrins which are highly solutsle in water as compared to the parent 
cydodextrins. These branched cydodextrins can be produced by microbiological processes from the parerrt cydodex- 
trins. Glucosyl-p-cyclodextrins can be obtained from the mother liquor of a large-scale p-cyciodextrin synthesis with 
Bacillus ohbensis cyclomaltodextrin glucanotransferase; see Koizumi et al, Chem. Pharm. Bull.. 35 (8), 3413-3418 
(1987) and reference cited therein. Maltosyl and maltotriosyl p- and r-cyclodextrins can be prepared from the parent 
cydodextrin and martose or mahotriose through the reverse action of Pseudoniv^nas isfr-amylase or Klebsiella aero- 
genes puilulanase, while glucosyl-^-cydodextrin can be prepared by enzymatic hydrolysis of maltosyl-y-cydodextrin; 
see Okada et al. Chem. Pharm. Bull.. 3g (6). 21 76-2185 (1 986) and references cited therein. The preparation of malto- 
syl-p-cyclodextrin by reacting maltose with p-cydodextrin in the presence of puilulanase is also described in Japanese 
Kbkai 61-287902, published December 18, 1986, and Japanese Kokai 61-197602, published September 1, 1986. A 
mixture of maltosyl- p-cyclodextrin and various drmaltosyl-p-cydodextrins may be conveniently employed, e.g. ISOE- 
LEAr" of EnsuikD Sugar Co., Ltd., Yokohama. Japan. 

The development of a carrier-mediated dihydro-pyridine » pyridinium salt redox system (which, in the dihydropyri- 
dine form, is also termed a chemical delivery system or CDS) has resulted in the enhanced and/or sustained delivery 
of a variety of drugs to the central nervous system. While the physiochemical properties of the CDS are optimized for 
brain-uptake and retention, they are often incompatible with aqueous formulations. A salient example is E2-CDS. a CDS 
based on estradiol. This dihydronicotinate passes the BBB and is oxidized to the corresponding quaternary salt. £20"^. 
The sustained levels of £2^^ thus produced then slowly release estradiol, which exerts profound central estrogenic 
effects. These effeds include LH-suppression in ovariectomized rats and a reversit^le suppression of cyclidty in intact 
female rats and are exerted for prolonged periods. The E2-CDS is highly lipophilic and only poorly water soluble (0.2 
jig/mL). This requires that Ej-CDS be administered in water-miscible organic solvents such as dimethylsulfoxide 
(DMSO) or dimethylacetamide (DMA). While this procedure is not inappropriate for laboratory animal studies, it is 
clearly inadequate for human use for r asons enumerated hereinabove. The dev lopment of aqueous formulation of 
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E2-CDS was therefore investigated. Cnteria for this formulation include that it hav ntinimal toxicity, that rt be equivalent 
with E2-CDS in DMSO r DMA in delivering E2Q* to the torom and that the technology developed be applicable to other 
dihydropyridine pyrtdinium salt redcoc syst ms. 

EXPERIMENTAL SECTION 
i>teter1als : 

3-Hydraxy-1 7p-I(1 -melhyl-l .4<Jihydropyridin-3-yl)carbonyIjQxyestra-1 .3.5(1 0)-triene (Eg-CDS). 1 -methyl-3-{{N-{p- 
[3,4-bis(pivalyloxy)phenynethyl}cafbonyl}}-1,4<lihyctrof^^ (DA-CDS), 17p-l1,4-cfihydro-1-methyl-3-pyridinylcarbo- 
nyl)oxy]androst-4-en-3-one (T-CDSi). 1 -methyl-3-N-l3-(benzyloxycart)onyf)propyl]-cart>amoyl-1 ,4-dihydropyridine 
(GABA-CDSi). 1-methyl-3-{[2-{9-guanylmethoxy)ethoxy]carbonyl}-1.4-dihydrop^ (ACV-CDS) and 17^1(1- 
methyi-1,4-dihydropyridin-3-yl)carbonylJO)(y}-19-norpregn-4-en-20-yn-3-one (N-CDS) were synthesized according to 
published procedures. 2-Hydroxypropyl-p-cyclodextrin (statistical degree of substitution » 5.1 or 7) (HPCD) was pre- 
pared according to the method of Pitha et al. Other cyclodextrins (a.p or 7) were obtained from Aldrich Chemical Co. 
and other steroids (estradiol, estradiol 17-valerate. estriol. estrone, estradiol 3-m6thyl ether and testosterone 17-propl- 
onate). were purchased from Sigma Chemical Co. All prepared compounds were fidly characterized by spectroscopic 
and microcombustion analysis (Atlantic Microlat>s) prior to study. Mass spectroscopic studies were performed on a Kra- 
tos MS80RFA dout))e-focusing instrument fitted with a fast atom gun. Cydodextrin mixtures were analyzed by fast atom 
bombardment of the samples prepared in a glycerol matrix. Degrees of substitution were determined from the isomeric 
mass distribution. Nuclear magnetic resonance spectra were obtained on a Varian EM360 60 MHz spectrometer. Val- 
ues were recorded relative to an internal standard [3-(trimethytsilyl)propbnic 2,2,3.3-d4 acid, sodium salt. DDS] and all 
samples were run in D2O. The degree of substitution was calculated by comparing the integrated area attritxjted to the 
anomeric hydrogen compared to that of the hydroxypropyl functionality. 

Effect of SotublllzinQ Agents : 

An excess of E2*CDS was sonicated v^h an aqueous solution of the appropriate solubilizing agent for 30 minutes. 
The suspension was then centrifuged. filtered through 0.45 ^m polyvinylidene dif luoride (Millex-HV4, Millipore®) mem- 
branes and analyzed by HPLC. For studies with 2-hydroxypropyl-p-cyclodextrin. an excess of E2*CDS was added to dif- 
ferent concentrations (% w/v) of HPCD arKl the solU)i)ity (mg/mL) was determined spectroscopically (UV = 360 nm. e 
= 6487 in nr^thanol). An estimation of the bulk equilibrium constant was obtained by correlating the mill(nx)larity of E2- 
CDS solubilized and the mitltmolarity of the cydodextrin added. This latter value was calculated using the average 
nx>lecular weight of the isomeric mixture determined by mass spectroscopy. The solubilizing effect of a 50% w/w solu- 
tion of HPCD was also examined for a series of steroids and dihydropyridines (CDS). These studies were carried out in 
a similar manner to those previously described. 

Preparation of Solid Complexes : 

An excess of E2-CDS or other CDS was added to a 50% w/w solution of HPCD. The suspension was sonicated for 
30 minutes, filtered through 0.45 jim PVDF membranes and freeze-dried. The <? ^gree incorporation was determined 
either spectrophotometrically or by HPLC. In some cases, the effect of solubilizing agents on the degree of incorpora- 
tion was examined. This involved adding small amounts of polyoxyethyiene 20 cetyl ether (Brij), polyoxyethylene sorb- 
itan monooleate (Tween 80) or ethanol to the aqueous solution prior to lyophilization. 

Analytical M ethodology: 

In determining concentrations spectrophotometrically, a Cary 219 (Varian) or an HP 8451 A Diode Array (Hewlett 
Packard) spectrophotometer was used. Standard curves were prepared in methanol and gave correlation coefficients 
greater than 0.999. For the CDS. the wavelength monitored was 360 nm while for estrogen 220 nm was used. 

The HPLC system consisted of either an Autochrom M500 pump fitted with a Rheodyne injector or a Perkn-Elmer 
Series 4 pump, a Kratos Spectroflow 757 variable wavelength detector and either a Beckman recorder or an LCl-100 
integrator (Perkin-Elmer). Separation was achieved on an Analytical Sciences, Inc. (ASI) 10 pm particle size, C18 
reversed phase 30 cm x 3.9 mm i d. analytical column. The flow rate was 1 mL/min, the compounds were detected at 
360 nm and in all determinations the tenperature was ambient. A mobile phase containing 82:1 :1 :16 (acetonitrile: tet- 
rahydrofuran: acetic add: H2O) eluted the E2-CDS at 4.4 min, the DA*CDS at 4.4 min, the T-CDS^ at 6.8 min and the 
N-CDS at 5.2 min. For the GABA-CDS). a nx)bile phase consisting of 50:1 :1 :48 of the same components was required. 
The retention time was 5.2 min. Other compounds were assayed spectrophotometrically 
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Animal Studies : 

Conscious, restrained Sprague-Dawley rats (female, BW = 200 g) were given either 15 mg/kg E2-CDS in DMSO or 
5 mg/kg of E2-CDS complex in HPCD (E2-CDS-HPCD) in water by intravenous injection (tail vein). At vark>us times 
5 after the administration, animals were sacrificed and trunk bkxxj and organs collected. The organs were then weighed, 
homogenized in water and deproleinized with cold acetonitrila The organ homogenates were centrifuged and the 
supernatant analyzed for E2Q* and E2-CDS using a precdumn enrichment technique, the details of wWch are given 
hereinbelow. 

w PESUITSANP P ISCUSSIQN 

As discussed hereinabove, cydodextrins have been used to increase the water solubility of a mrrbet of drugs. 
includir)g steroids. These cydic oligomers contain various numbers of a-1 ,4Hinked ^ucose units. The number of these 
units (a » six, p >= seven, y s eight) determine the size of a cone-like cavity which is amenable to indusion by many 

IS drugs. The stability of the complex fcMmed depends on the fit of the drug into the cydodextrin and the cydodextrin con- 
centration. Unfortunately, the cydodextrins best suited for compiexation with steroids, i.a p-cydodextrin. is pooriy 
water-sduWe. This property is derived from the high degree of hydrogen bonding which occurs in the crystal lattice. To 
add to the problem, p-cyclodextrin is known to cause nephrosis in rats, a toxrcity which results, at least partially, from its 
poor water solubility. In any case, little change in the aqueous solubility of Eg-CDS was observed when it was equili- 

20 brated with various solutions of either a, p or y-cyclodextrin. As illustrated in Table I. concentrations of a-cydodextrin up 
to 50 mm inaeased the aqueous solubility of E2-CDS only 25-fold while p and y-cydodextrin inaease the solubility of 
the CDS 135 and 1 10-fold respectively. The relationship between the aqueous solubility of E2^[>S and the concentra- 
tion of the unsubstituted cydodextrins was not linear, a situation which is also observed in the case of the parent steroid. 
In any case, the limited water sdi^Wy and the relatively poor compiexation provkJed by a-, p- or y-cydodextrin are 

25 unsuitable for pharmaceutical exploitation. The toxicity of p-cyclodextrin underscores this assessment 



TABLE I 



EFFECT OF VARIOUS CYCLODEXTRINS ON THE WATER SOLUBILITY OF Ej-CDS 


Cydodextrin 


Cone. Range (mM or 
%w/v) 


Maximum Solubil- 
ity(mg/mL) 


Cone, of Cydodextrin at 
Max. Solubility (mM or 
%w/v) 


n 


None 




0.0002 






Alpha (a) 


5-50 mM 


0.005 


50 mM 


7 


Beta (p) 


5-15 mM 


0.027 


10 mM 


5 


Gamma (y) 


5-50 mM 


0.022 


10 mM 


5 


HPCD (7 ASDS) 


0.78-62.5 %w/v 


30.19 


62.5 %w/v 


9 


HPCD (5.1 ASDS) 


1-62.5%w/v 


35.12 


62.5 %w/v 


5 



Several efforts have been made to inaease the aqueous sdubility and, therefore, usefulness of cydodextrins. Var- 
45 ious methylated derivatives have t>een described but, in general, the acute toxicity of the modified compound is greater 
than that of the parent. Recently, an anrx>rphous cydodextrin composition was obtained by hydroxypropylation of p- 
cyclodextrin. The product, 2-hydroxypropl-p-cydodextrin (HPCD), is a mixture of isomers which can be characterized 
by the average statistical degree of substitutk^n (ASDS). Either NMR or mass spectroscopy can be used to determine 
this value. These highly water soiut)le mixtures were shown by Pitha et al to dramatically increase the solubility of a 
50 number of compounds including gonadal steroids. In addition, preliminary toxicity studies have shown few. if any, harm- 
ful effects after either oral or intravenous administration. 

HPCD (ASDS 5. 1 or 7) was prepared according to the method of Pitha et al. The mass spectra for the isomeric mix- 
ture of HPCD centered around 7 degrees of substitution. This spectra was obtained by "softly" ionizing the sample using 
fast atom bombardment- The generated spectra was similar to those previously reported (obtained by Califor nium-252 
55 plasma desorption) in both the symmetry of the isomeric distribution and the numerical spread of the isomers formed. 
In the dted example, as in the 5.1 ASDS case, no underivatized (toxic) p-cyclodextrin was detected. 

In applying this HPCD composition to E2-CDS. HPCD with low ASDS's was selected. As the degree of substitution 
increases, not only does the complexing propensity of the cydodextrin decrease, presumak>ly due to steric interactions. 
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but the surface activity of the complex inaeases. This is undesirable since, in general, as the surface activity increases, 
so does the tendency of the material to cause herrx^s. Both the 5.1 and 7 ASDS HPCD has a profound effect on the 
solidatlity of E2-CDS. In the 7 ASDS case, a Bnear increase (r - 0.995) in the solubility of E2-CDS was evident as the 
concentration of HPCD was increased. At 62.5% w/v, 30.2 rng/mL could be sofubOized. In the 5.1 ASDS material. 35 

5 vngtni of E2-CDS could t>e solut»!ized at 62.5% w/v. The lower ASDS material gave a 15% increase in incorporation. 
TTiese data reflect an increase in solubility of five orders of magrtitude (150.000-fold) over the solubility of E2*CDS in 
water (Table f). Plotting the data obtained from the 7 ASDS study as millintolarity of E2-CDS solubilized versus the mO- 
linrK)lanty of HPCD added (based on the average nrx)lecular weight of the mixture) gave a line with a slope of 0^. This 
is an estimation of the bulk stability of the cydodextrin complex and compares reasonably with other systems. 

10 These solutions could be freeze-dried giving a solid complex. A 50% w/w solution of HPCD gave a solid containing 
37 mg E2-CDS/gm complex. The complex was stable as a dry powder and could be easily reconstituted with water. In 
these manipulations, it was important to maintain the HPCD component greater than 20% w/v. Below this level, precip- 
itation would occur. Several attempts were made to increase the degree of incorporation of the complex by adding var- 
ious agents such as Brij (0.7% w/w), Tween 80 (0.8% w/w) or ethand (10% v/v). White the addition of Brij increased the 

15 degree of incorporation to 189 mg/g. the complex was not stable, falling to 42 mg/g in 12 days. The other agents had 
only nrxxiest effects. The upper limit for a stable complex, therefore, appeared to be approximately 40 mg/g under these 
circumstances. 

Since an indusion complex is forn>ed t^etween E2-CDS and the various corrponents of the cydodextrin nuxture. it 
is possik>le that some portion of the E2-CDS would not rapidly dissociate, thus lowering the biologically available con- 

20 centration of E2-CDS. To investigate this possibility, the ability of the HPCD (5.1 ASDS) formulation of E2-CDS (E2- 
CDS-HPCD) to deliver £20"*^ to the brain was measured and compared with the delivery of £20*^ when E2-CDS was 
administered in DMSO. Brain concentrations of E2Q'*' were measured after systemic ac^inistration of eitiier 15 mg/kg 
E2-CDS in DMSO or 5mg/kg E2-CDS in aqueous HPCD. When the difference In dose is accounted for. i.e. the data is 
presented as % dose/g. no significant difference exists between brain levels of £20^ after E2-CDS administratbn in 

25 DMSO or E2-CDS-HPCD in an aqueous media, although the latter produce data which are strikingly more consistent 
and less variable. Interestingly, the levels of E2Q* in the lung are lower after E2-CDS-HPCD administration. One expla- 
nation for this is that when E2-CDS is given in a water miscible solvent such as DMSO. there may be some tendency 
for the highly water insoluble E2-CDS to precipitate. After a bcius i.v. injection, the aqueous, ionic environment of the 
lung may provide a suitable site for this predpitation. The bwer levels obtained in the lung after E2-CDS-HPCD admin- 

30 istrations reflect not only the higher water solubility of the complex but may also indicate something of its in \nyo disso- 
ciation constant. Quite surprisingly, this dissodation appears to be fast enough so not as to alter the distribution of £2- 
CDS in the CNS. but slow enough to altow pulmonary transit (or transit from other organs such as the liver) witiiout sig- 
nrficant precipitation. In addition, tiie values lor various organ concentrations as far less variable after E2-CDS-HPCD. 
administration, which may be explained by the higher water solubility of the complex arxj its lower tendency to precipi- 

35 tate. Ongoing pharmacological studies corroborate the effectiveness of the E2-CDS-HPCD formulation in brain-selec- 
tive delivery. 

The effect of a,50% w/w solution of HPCD on the solubility of a number of st«-iods and other CDS is given in Table 

11. 

40 

TABLE II 



SOLUBILITY OF VARIOUS STEROIDS AND VARIOUS DRUG CHEMICAL DEUVERY SYSTEMS 
IN A 50% W/W SOLUTION OF 2-HYDROXYPROPYL-p-CYCLO DEXTRIN (ASDS 5.1) AND THE 
AMOUNT OF DRUG INCORPORATED IN THE FREEZE-DRIED COMPLEX 


Drug 


Sdubility (mg/mL) in 50% w/w 
HPCD 


Amount of Drug in Dry Conrplex 
(mg/g) 


E2-CDS 


22 


37 


Estradid 


25 




Estriol 


40 




Estrone 


9.52 




Estradid 3-Methyt Ether 


30 




Estradid 17- Valerate 


13.8 


23.5 


Testoster ne 


38 
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TABLE 11 (continued) 



SOLUBILITY OF VARIOUS STEROIDS AND VARIOUS DRUG CHEMICAL DEUVERY SYSTEMS 
IN A 50% W/W SOLUTION OF 2-HYDROXYPROPYL-p-CYCLO DEXTRIN (ASDS 5.1) AND THE 
AMOUNT OF DRUG INCORPORATED IN THE FREEZE-DRIED COMPLEX 


Drug 


SotU>ilrty (mg/mL) in 50% w/w 
HPCD 


Amount of Drug in Dry Conplex 
(mg/g) - 


Testosterone 17-Propionate 


38 


65.6 


Testoslerone-CDS (T-CDSi) 


17.1 


29.0 


Norethindrone 


68 




Norethindrone-CDS (N-CDS) 


0.35 


0.6 


GABA-CDSi 


93 


160 


DA-CDS 


16 


27 


ACV-CDS 


14.9 


25 



20 Thus, E2-CDS and several other CDS were successfully solubilized with HPCD. although this is not universal; nore- 
thindrone-GDS. for exanrple. was not readily solubilized. The best so[ii3llization of E2-CDS occurred in an aqueous 
solution of HPCD. ASDS 5.1 or 7. These conrplexes could be freeze-dried and were statsle. They were easily reconsti- 
tuted in water so long as the cyclodextrin component was at least 20% w/v. This formulation was equivalent with E2- 
CDS administered in DMSG in delivering E2*0'^ to the brain of rats. In addition, the formulation significantly reduced the 

25 lung concentrations of E2Q'^. Data available at present indicates this excipient is less toxic, easily compressed into tab- 
lets, rapidly dissolved and readily and reproducibly synthesized. 

E2-CDS and several other CDS have also been successfully compfexed with other cyclodextrin derivatives as 
defined herein. The other cyclodextrin/CDS conrrplexes have the improved characteristics as noted before fa the HPCD 
complexes. 

30 In one example of the fornuilation of a solid conplex, an excess of a representative CDS. E2>CDS. was added to a 
40% aqueous solution of a mixture of maltosyl-p-cyclodextrin (71%) and various dimaltosyl-p-cydodextrins (29%) 
obtained from Ensuiko Sugar Co., Ltd.. Lot No. 88190. and mixed for several hours. The suspension was then filtered 
and freeze-dried, and the anriount of complexed drug was determined analytically by UV spectraphotometry. The 
amount of incorporation was determined to be 81 .88 mg/g. The comparable figure for HPCD is approximately 35.2. 

35 In further testing, maximum concentrations of selected CDS in varying concentrations of selected cyclodextrins 
were determined. The concentration of E2-CDS (mg/mL) was as follows: 
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Cyclodextrin 


20% 


40% 


HPCD 


6.73 


11.9 


HEBCD 


3.09 


6.07 


HPGCD 




4.0 



The concentration (mg/g) of the norethindrone-CDS was 7. 13 in 40% HPCD and 15.9 in 40% HPGCD. 

As noted akxjve, use of a representative dihydropyridine redox system drug. i.e. E2-CDS, complexed with a repre- 
sentative cyclodextrin derivative, HPCD, ted to lower initial lung concenti^ations (and thus increased initial brain to lung 
so concentrations) of the quaternary form as compared to adn^nistration of the redox system drug in DMSp. In studies of 
another representative redox system drug, namely a testosterone-CDS, T-CDS^, similar observations were made, as 
detailed betow. 

EXPERIMENTAL SECTION 

55 

Materials : 

2-Hydroxypropyl-p-cyclodextrin (HPCD. degree of substitution 5.1) was prepared and purified according to the 
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method of Pitha et al. The cydodextrin inclusion complexes were prepared by equilibrating an excess of either testo- 
sterone propionate or T-CDS^ with a 50% wAr aqueous solution of 2-hydraxypropyl-p-cyclodextrin. The solution was 
degassed and the suspension was sonicated for 30 minutes, after which it was f 3tered and the filtrate was tyophtlized. 
The dried filtrate contained 65.6 mg testosterone propionate or 29.6 mg TCDSi per gram of cydodextrin complex. 
5 Compounds were analyzed for decomposition by thin-layer chromato^aphy and ultraviolet Adsorption. 

Anlmal$: 

Male Sprague-Dawtey rats, weighing 250-275 g. were purchased from Charles River Breeding Laboratories (Wilm- 
10 ington, MA) and were housed in an animal room which was light (14 hours; tights on at 0500 hours) and tenrperature 
(23 ± 1** C) controlled. To elevate serum luteinizing hormone (LH) and to reduce the source of endogenous testoster- 
one, animals were bilaterally orchBdectomized via a mid-ventral incision under light ether anesthesia. All experiments 
were initiated 2 weeks after orchidectomy. 

15 Exp^rim^ntl: 

On day 15 after orchidectomy. rats were ether-anesthetized and the right external jugular vein exposed. Animals 
were then administered one of the following: testosterone-chemical delivery system (T-CDSi or T-CDS2). testosterone 
(Steraloids Inc., Wilton. NH) or the vertcle, dimethyl sulfoxide (DMSO; Fisher Scientific. Fair Lawn, f^). The testoster- 

20 one-chenrdcal deliva'y systems were given at doses equinrx)lar to testosterone (25 n)g/kg) so that T-CDS^ was admin- 
istered at 35.5 mg/kg and rats received T-CDS2 at a dose of 45.1 mg/kg. DMSO was injected at a volume of 1 mUkg. 
All compounds were administered by infusion over a 2 minute period. One milliliter of blood was withdrawn from the 
external jugular vein immediately before giving the drugs (1000 hours) and blood was sampled by cardiac puncture 
after 6, 12, 24 hours and on days 4 and 7. The sera were separated by centrifugation at 500 x g for 20 n^n at 4**C and 

25 stored at •20*'C. 

Experiment 2 : 

Two weeks after orchidectomy. rats were administered either T-CDSi , testosterone propionate (TP; Steraloids IrK.) 

30 or DMSO by means of intravenous infusion into the right external jugular vein in an effort to nrrore effectively enhance 
the brain delivery of testosterone. It has been shown that slow infusion improves brain delivery of drugs attached to the 
chemical-delivery systems. TP was selected for comparison since it, like both of the T-CDS conpourds, has an ester 
grouping (propionate) attached at cartx)n-17 (C17). Gonadally-intact animals received the drug vehicle only Two Har- 
vard Apparatus reciprocal infusion/withdrawal punps (model 944) were used so that 4 animals could be sinrultaneously 

35 infused. Rate of infusion was 1 5 ^Umin and animals were infused for 1 7 to 25 minutes. TP was given at 25 mg/kg and 
T-CDS was infused at a dose equimolar to TP (29.7 mg T-CDSi per kg body weight). The drug vehicle, DMSO, was 
administered at a dose of 1 mU/kg. One mL of Wood was removed from the external jugular vein prior to drug infusion 
and from the sub-orbital sinus at 1 . 3, 5, and 7 days. The sera were separated and stored as previously described. 

40 Experimgnt 3: 

Orchidectomized rats were administered either testosterone-chemical delivery system (T-CDS1) HPCD (T-CDS1 - 
HPCD). testosterone propionate in cydodextrin (TP-HPCD) or the vehicle, cydodextrin (HPCD), via a single tail vein 
ir^ection. T-CDS, -HPCD (1 1.9 mg/kg) was given so that animals received T-CDS, at a dose equinwlar to TP-HPCD (10 
45 nr^ TP/kg body weight). Control rats received 25% HPCD (w/v) at 3.0 mUkg. Bkxxj was removed by cardiac puncture 
on days 0, 1, 3, 5 and 7. and separated and stored as previously described. 

To evaluate peripheral effects of the drugs; the right seminal veside, vas deferens and ventral prostate gland were 
removed, cleaned, expressed of fluid and weighed to 0. 1 mg. Data are reported as mg per 100 g body weight. 

50 Radlolmmunoassav of LH : 

Serum LH concentrations were determined in duplicate with a radioimmunoassay kit (reference preparation LH- 
RP-2) provided through the Pituitary Hormone Distribution Program of the NIADDK. The intra- and interassay coeffi- 
cients of variation were 2.9 and 1 5.6, respectively 

55 

Radioimmunoassay of Testosterone : 

S rum testosterone concentrations were determined in duplicate with a Coat-A-Count radioimmunoassay kit 
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(Diagnostic Products; Los Angeles, CA). 
Statistical treatment: 

5 The significance of difference anrong mean values for LH and peripheral tissues was determined by analysis of var- 
iance (ANOVA) and Student-Newman-Keuls (SNK) tests. The level of significance for both tests was 0.05. 

RgStlLTS AND DISCUSSION 

10 In Experiments 1 and 2, in which DMSO served as the drug vehicle, indications of drug insolubility upon injection 
were observed, i.e. respiratory distress accompanied by lesbning of the lungs, regardless of the rate of injection or infu- 
sion. In an effort to increase water solubility of the steroids, TQVS^ and TP were solubiiized in a HPCD in Experiment 
3. The improvement in solubility for the T-CDSi suggests that a lower dose (10 mg/Kg vs. 25 mg/kg) could be adminis- 
tered with, presunr^y, a diminished risk of toxicity to the anirfial. A 2.5-fold decrease in T-CDS^ dosage resulted in a 

15 similar suppression of serum LH levels observed in the previous two experiments. An injection of T-CDSi-HPCD 
resulted in a 50% decrease in serum LH by 24 hours and this suppression was observed through 3 days. Suppression 
of LH occun-ed in animals treated with TP-HPCD at day 1 only. 

Mild stimulation of the seminal vesicles by T-CDS-|-HPCD and the ventral prostate gland by T-CDSi-HPCD and TP- 
HPCD was observed at 7 days postMnjection. As observed previously, the extent of stimulation t)y T-CDSi -HPCD or TP- 

20 HPCD was minor relative to tissue weights observed in control (gonadally-intact) rats. 

A 5.5-fotd increase in serum testosterone was observed 1 day after rats were administered T-CDSi-HPCD and 
serum testosterone remained elevated at day 3. However, testosterone levels returned to pre-injection levels 5 days 
after injection. At no time did TP-HPCD or HPCD induce an inaease in serum testosterone. 

These experiments offer support for the improved delivery of testosterone to the brain when the representative 

25 redox carrier drug, T-CDSi , is complexed to the representative cyclodextrin, HPCD. The data show an equivalent sup- 
pression of LH by complexing T-CDSi to HPCD and lowering the effective single dose of T-CDS^ by 2.5-fold. This find- 
ing implies that the dihydropyridine form of T-CDS^ remains in solution in an aqueous medium (e.g. blood) for a fonger 
time, thereby permitting improved passage of the drug through the blood-brain barrier. Earlier studies revealed that, 
when administered in a DMSO vehicle. T-CDSi probably precipitated in the Wood (and lungs), causing respiratory dis- 

30 tress and/or death in rats. No respiratory distress or animal loss occurred when T-CDS^ was complexed with HPCD. 

To quantitate the improvement provided by the representative cyclodextrin, HPCD. in lowering initial lung concen- 
trations of redox earner compounds compared to brain concentrations, another series of experiments was undertaken 
investigating the HPCD complex of E^-CDS. These studies, which are detailed below, utilize a reversed-phase-high- 
performance liquid chromatographic method for the analysis of E2-CDS and its oxidized quaternary metabolite E2-Quat 

35 in biological fluids or tissues. The assay utilizes a precolumn enrichment technique and detects plasma levels down to 
10 ng/mL E^-Quat and 20 ng/mL E2-CDS. Sample preparation is rapid and simple. Samples are homogenized witii 
acetonitrile. centrifuged. and the supernatant is directly injected into the HPLC-system. A water-delivering punrp injects 
the sample on a pre-column where the drug is concentrated. Mobile phase backflushes the retained compound onto 
the analytical column. At the same time, another sample can be ir^ected onto a second pre-column. This alternating 

40 pre-column sample enrichment technique allows the injection of large volumes up to 1 800 

EXPERiftftENTAL SECTION 
Materials : 

45 

E2-CDS, E2-Quat and E2-CDS-HPCD were synthesized as described previously. Steroids (estradiol and etNnyl 
estradiol) were obtained from Sigma Chemical Co. HPLC grade acetonitrile and distilled, deionized water were used for 
the preparation of mobile phases. All other reagents used were of analytical grade. 

50 Instrumentation : 

The HPLC system consisted of a LDC/Milton Roy Constametric III high-pressure pump, a LDC/Milton Roy variable 
wavelength UV detector, a Perkin Elmer ISS-100 automatic injector equipped with a 2000 pL loop and a DuPont Zorbax 
ODS column. 15 cm x 4.6 mm I D. (6 urn particle size). Vydac guard columns (5 cm x 3.2 mm I.D.). dry-packed with 
55 DuPont Zorbax ODS material, were used. Chromatograms were recorded on a Hewlett-Packard Model 3390A comput- 
ing integrator at a chart speed of 0.2 cm/min. In addition, in the pre-column enrichment system, an enrichment injector 
(Rheodyne Model 7067-005) with two high pressure switching valves, pneumatically turned by a tandem actuator 
(Rheodyne Model 7163), was inserted between the autoinjector and the analytical column. Switching of the valves was 
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controlled via the autoinjector. This system also contained a Bodlne Electric Ca RFV035 HPLC Solvent Pump for flush- 
ing the sanrples onto the enrichment columns. 

Methods: 

5 • 

Assay Conditions: direct orvllne HPLC 

Chromato^aphrc conditions for the analysis of Eg-CDS. E2-0uat and estradiol were developed. The optimal wave- 
length for all compounds was 224 nm. but Eg-CDS can also be detected at 360 nm due to the dihydropyridine structure. 

w Although the absorptivity at this wavelength is only about half as high as it is at 224 nm, 360 nm was chosen as the 
analytical wavelength for E2-CDS because of the increased selectivity. Different analytical columns were tested and 
mobile phases for a reversed phase chromatography of all three compounds were varied widely with respect to the 
radio of aqueous and organic phase as wen as buffer concentration and pH. Ho isocratic system could be found that 
would detect ail three compounds within a reasonable retention time artti with satisfying compactness and s^>aration 

IS of peaks. Therefore, two different systems were used for analysis. 

E2-Quatand E2: 

The optimal mot»le phase was found to consist of acetonitrile^ter 40:60 containing 0.03 M/L sodium salt of 
20 octanesulfbnic acid and 0.003 M/L tetrabutylammonium phosphate. The p)-l was adjusted to pH 5-5.5. The flow rate was 
1 .5 mUminute and the peaks were recorded at 224 nm. 

E2-CDS: 

25 The mobile phase used for E2-CDS analysis was acetonrtrile/water 70:30 at a fbw rate of 1.5 mUminute. Absort>- 
ance was monitored at 360 nm. 

Analysis of E^ . E ^CDS and E^-Quat bv ore-column enrichment technique : 

30 The loss of sensitivity resulting from the dilution step in the procedure optimal for pretreatment of biotogical sam- 
ples (see sample preparation without extraction) could be compensated for by developing an HPLC system that allows 
injection of large volumes. A suitable HPLC-method which has been described in the literature (Roth et al. J. Chroma- 
toor. 222 : 1 3-22 (1981)] is based on alternating pre-column sample enrichment. The procedure used herein was as fol- 
lows: The sample containing the drug is injected with a first pump A, delivering pure water, onto one of two pre-columns. 

35 which are afternatingly connected with the injection system by two pneumatically driven valves. Provided a certain 
lipophilicity. the drug is retained and concentrated on the pre-column. while accompanying water soluble-co-products 
like proteins are being washed out as long as water is pumped through the pre-column. This allows the direct injection 
of body fluids. After a certain enrichment time (6 and 8 minutes), sinrultaneous rotation of the two valves is induced, 
causing pre-colunvi 1 , where the injected drug has been absorbed, to be switched to the solvent stream of the secorxl 

40 pump. B. Also, at this point, the recording integrator is started. Pump B delivers the mobile phase, necessary for sepa- 
ration and chromatography, and backf lushes ?i e sanr;?:e from pre-column 1 onto the analytical column. Psirallei to this 
process, pre-column 2 is switched to the water stream of punrp A so that a sarrple can be injected and enriched while 
the previous one is being eluted (alternating mode). Volumes up to 1800 ^iL can be injected due to the concentration 
effect of the enrichment phase. 

45 

Chromatographic conditions: 

This system was applicat^le to the quantification of E2. E2-CDS and E2-Quat. The mobile phase for E2-CDS was: 
Acetonitrile/water 80:20 at a flow rate of 1.8 mL/minute. Optimal peak shape and retention time for E2 and Eg-Ouat 
50 were obtained with pump B delivering a mixture of acetonitrile/water 42:58 which contained 0.025 M/L sodium salt of 1- 
octanesulfonrc acid and 0.003 M/L tetratxttyiammonium phosphate. The pH was adjusted to pH 5, and the f fow rate was 
1.5 mL/minute. 

Standard solutions and stability 

55 

Sample stock solutions of E2-COS, Ej-Quat. E2 and ethinyl-E2 containing each 50 ^mL were prepared in ace- 
tonitrile. All solutions were stored at 6°G. For E2-CDS, the stock solution was prepared freshly every 2 weeks. All other 
solutions were statute over a period of at least six months. Spiked plasma sanpies containing ail four conpounds were 
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frozen at -20*C and analyzed repeatedly at different time Intervals. No loss of drug was found under these storage con- 
ditions during two nx>nths. 

Dihydropyridine derivatives like Ej-CDS are known to be easily oxidized and very labile in acidic solutions. The sta- 
bility of E2-CDS was investigated under different conditions at room temperature. These studies were performed by 
5 diluting the £2-005 stock solution 1 2 with diffe-ent solvents or solutions at different pH values and monitoring eventual 
peak height loss for 24 hours by use of a modification of th direct on-line HPLC method desatoed above: If water in 
the E2-CDS mobile phase in replaced by 0.05 M phosphate buffer at pH 7 and if the detection wavelength is set to 224 
nm. E2-Quat can be detected simultaneously at 6.33 min. However, the peak is relatively broad. These conditions were 
used to determine the degree of E2-CDS oxidation under the tested conditions. 

10 

Sample preparation 
Extraction of E2-Quat and E2: 

15 Various extraction procedures from plasma were investigated under different conditions and with several solvents 
and solvent mixtures. Estrone could be used as an internal standard, but is known to be a potential metabolite of estra- 
diol. Therefore. 17-p-ethinyl estradiol was chosen as internal standard. Its peak did not interfere with E2, E2-Quat or 
estrone. Without addition of an anion reagent. E2-Quat could not be extracted from aqueous solutions. Optimal results 
were obtained after a single-step extraction of the drugs with potassium iodide as an ion-pairing reagent to fadtitate 

20 quaternary salt extraction. The method applied was as follows: 200 ^L of a saturated potassium iodide solution were 
added to 1 mL of spiked plasma. After vortexing for a few seconds, 10 mL of a mixture of chlorotorm/etfiyl acetate 9:1 
was added. The tubes were shaken for 10 minutes and then centrifuged for 10 minutes at 2000 rpm. The upper aque- 
ous phase was discarded and the organic layer transf ened to a clean tube to achieve complete separatfon from proteins 
and traces of aqueous phase. The organic layer was evapaated to dryness under nitrogen at 40*^0 and reconstituted 

25 in 150 mL of mobile phase. 40 \jL were injected into the HPLC system. Appropriate blanks were prepared accordingly. 

Extraction of E2-CDS: 

Plasma and water containing E2-CDS were repeatedly extracted with different organic solvents like chtorofomn. 
30 hexane, toluene, benzene and ethyt acetate. It was impossible to extract E2-CDS reprcxjucit)iy from aqueous phases, 
since the compound was shown to deteriorate unreproducit>)y during evaporation, even at room temperature and in the 
presence of oxygen-free nitrogen. Therefore, the compound had to be analyzed from biological fluids without an extrac- 
tion procedure. 

35 Preparation of plasma and tissues for analysis of E2-CDS and E2-Quat without extraction: 

Using the HPLC technique with pre-column enrichment described above, drugs can t>e detected from directly 
injected plasma without sample preparation. However, when large volumes are injected, in order to obtain maximum 
sensitivity, it is desirable to remove proteins to a large extent prior to injection in order to prevent frequent pre-column 

40 packing. The procedure of deproteinization was chosen to be applicable for subsequent analysis of both E2-CDS and 
E2-Quat so that only one preparatior. step t-^* to be performed. 

Acidic precipitating agerrts. which remtr/e proteins when only small volumes are added to biological flukls. coukj 
not be used t>ecause they induce degradative loss of E2-CDS. Neutral or slightly basic aqueous reagents used effi- 
ciently for deproteinization like ZnS04/NaOH. CuS04/Na2S04 or saturated (NH4)2S04 would be more ideal to be 

45 injected onto the enrichment columns than organic solvents. But all of these reagents were shown to atjsorb the water- 
insoluble E2-CDS on the precipitate. Thus, the method of choice to avoid instability problems and at the same time keep 
all compounds in solution was deproteinization with acetonrtrile. 

To obtain these results, the following sample preparation procedures were used for plasma and tissues: Plasma: 
0.6 mL plasma was added to 1.2 mL acetonrtrile. The mixture was vortexed for 5 seconds and allowed to stand for 10 

50 minutes at room temperature, vortexed again and centrifuged for 10 minutes at 2000 rpm. 1000-1500 pL of the super- 
natant was injected into the pre-column enrichment system. Tissue {e.g. brain): 1 mL of water was added to one rat 
brain and the organ was thoroughly meshed. After sonication for 2 minutes and centrifugation at 2000 rpm for 10 min- 
utes, the supernatant (1000-1500 jiL) was injected into the enrichment system. 

55 Animal Studies : 

In a first experiment, 15 mg/kg E2-CDS dissolved in dimethylsulfoxide (DMSO) were administered intravenously to 
conscious, restrained male Sprague-Dawley rats weighing 1 90-300 g ach. Animals were sacrificed in groups of 4 at 5, 
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15 and 30 mirHites and at 1, 2. 4. 8. 24 and 48 hours after drug injection. Trunk blood was collected into heparinized 
tubes and plasnia obtained arxJ immediately frozen at •20°C until analysis. Organs were cfissected and placed on dry 
tee within 2 nrtinutes of death and stored at -20*^0 for later analysis by the HPLC method descrS>ed above. 

In a second expaiment, the same procedure as above was followed, except that 5 mg/kg of E2-CDS were admin- 
5 istered as a complex with hydroxypropyl-p-cyclodextrin (HPCD) in water. The 5 mg/kg dos of E2-CDS was deliv&ed in 
1 mL of aqueous solution containing approximatety 20% w/v HPCD (pr^>ared by dissolving a freeze-dried complex 
containing 3.5 mg E2-CDS per gram in aqueous 20% HPCD. the freeze-dried complex having been pr^red fr m a 
50% solution of E2-CDS in HPCD having 5.1 degrees of substitution). 

The results are depicted in RG. 1 and RG. 2. RG. 1 consists of a pair of semi-logarithmic plots comparing the con- 
centrations in lung tissue in pg per g dose (Cb/D) of E2-CDS in the first graph and of E2-Quat in the second, corrected 
for dose. It can be seen from RG. 1 that when E2-CDS was administered in DMSO, initial lung concentrations (i e. con- 
is centrations within the first hour after drug injection) of both E2-CDS and E2-Quat were significantly (more than ten-fold) 
higher than the initial lung concentrations observed when Ej-CDS was administered as a complex with HPCD in water. 
The corresponding levels of E2-Quat in brain tissue, also conected for dose, are given in RG. 2 in the form of a bar 
graph depicting the brain levels in ng per g dose (Cq/D) at selected time points. It can be seen that the brain levels after 
1 hour are not signif icantiy different for administration as HPCD complex in water as compared to administration in 

20 DMSO. Clearly, then, the carrier-drug can be administered as a complex with a selected cyclodextrin as defined herein, 
such as HPCD. in water and still achieve the brain levels needed to produce the desired biok>gical effect, while avoiding 
the high initial lung concentrations responsible for respiratory distress and dysnia. 

Complexation with 2-hydroxypropyl-p-cyclodextrin (HPCD) or other selected cyclodextrin derivative as defined 
herein has been found to be particularly advantageous in that it stabilizes the dihydropyridine redox systems. A direct 

25 comparison of stabilities in aqueous solution is. of course, not possible because of the tow solubility of the dihydropyri- 
dine redox system drugs in water; for example, the solubility of E2-CDS in water is only 0.0002 mg/mL The E2-CDS- 
HPCD complex contains about 40 ntg of E2-CDS/g and easily gives aqueous solutions containing 5 mg E2-CDS/mL at 
20% w/v cyclodextrin. Thus, complexation affords a 25.000-fold increase in aqueous solubility of E2-CDS. The halflife 
of E2-CDS in such a solution at room temperature in the dark is about 12.5 days (rate: 0.0554 ± 0.0047d*''). 

30 Since the dihydropyridine redox system drugs are especially prone to oxidative degradation, a study was under- 
taken to quantitate the effect of a cyclodextrin derivative intended tor use herein, e.g. HPCD. on the rate of oxidation of 
these drugs. A representative carrier-drug. E2-CDS, was selected for this study. 

The rate of fenricyanrde-mediated oxidation of E2-CDS was determined using a previously published method 
(Okamoto et al, J. Chem. Soc. Chem. Comm.. 1977, 181). In this procedure, 27.5 mL of a 5 x 10'^ f^^ solution of E2-CDS 

35 in acetonitrile was added to 2.75 mL of a solution containing 1 x lO "* fwl Fe(CN)6'^. 0.06 M K"'. 0.001 M Fe{CN)6-3. All 
solutions were made using water which had been boiled for 30 minutes and cooled while a stream of pyrogallol- 
scrubbed nitrogen passed through it. The E2-CDS was introduced via a syringe to the solution which was maintained 
at 37°C in a thermostated cell holder and contained in an anaerobic screw-top cuvette. The cuvette had a Teflon-lined 
septum through which the compound was injected. For a given concentration of ferrlcyanide ions (6 x lO'"* to 8 x 10'^ 

40 M). the rate of disappearance of the E2-CDS was determined. This was done by calculating tiie decrease in the absorb- 
ance band at 360 nm (± 1 0 nm) Si.btracte<i t-om base line absortjance (500 ± 1 0 nm). A plot of the 1 n [Abs] versus time 
gave a slope for the pseudo-first-order rate constant This was done at several different ferricyanide ion concentrations. 
The obtained first-order rate cor^stants were then plotted as a function of ferricyanide ion concentration generating a 
slope from which the second order rate constant (ko s*^ M""") was obtained. In examining the effect of 2-hydroxypropyl- 

45 p-cyclodextrin on the rate of E2-CDS oxidatton, solutions containing the HPCD as well as those ions present in tiie first 
phase of the experiment were prepared. The second order constant was derived for each cyclodextrin concentration 
and a plot developed. The results show that the cyclodextrin dramatically slowed the rate of oxidation. There appears 
to be a saturation effect in that after 2% w/v. not much change in rate is evident. The second order rate of oxidatton is 
inhibited by 42% at 0.5% w/v cyclodextrin. 60% at 1 .0% w/v. 81% at 2% cyclodextrin and at 5-20% a value of approxi- 

50 nately 90% reduction in the rate was obtained. 

From the foregoing, it is apparent that formulation with a representative cyclodextrin derivative as defined herein 
has overcome problems associated with administration of the reduced lipoidal form of dihydropyridine =; pyridinium salt 
redox carrier systems for brain-targeted drug delivery In particular, it has been found that administration of aqueous 
parenteral carrier-drug formulations comprising from about 20 to about 50% w/w or w/v of the selected cyclodextrin. 

55 preferably hydroxypropyl-p-cydodextrin, surprisingly changes the distribution of the drug and avoids the lung precipita- 
tion problems associated with organic solvents, leading to decreased toxicity. The advantageous time element, which 
could not have been predicted, is such that there is sufficient time after injection but before separation of the drug from 
the cyclodextrin to prevent aggregation of the drug molecules (i.e. precipitation of drug aggregates) in the lungs and 
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other organs such as the liver, and yet the time is short enough to allow tinnely breaknip of the drug/cydodextrin. afford- 
ing fadte distribution of the drug molecules so as to achieve the desired pharmacological effect. Other 
lipophiiic/hydrophic and/or water-labile drugs which have hcretofor been formulated for par nteral administration only 
in organic solvents, and/or which have simply been unavailable in parenteral form, share to various extents the same 
5 sort of problems encountered with the redox canier system and benefit from the same improved distribution and advan- 
tageous time element discussed above. Dmgs which are particularly useful in the parenteral compositions and meth- 
ods of the present invention ar thos which are relatively insoHxAA in water but whose water solubility can be 
substantially improved by formulation with 20 to 50% of the selected cydodextrin. e.g. HPCD, in water. These charac- 
teristics can be deternvned by simple experiments of the type described t>elow for representative drugs. 

10 

AppargtMS 

UV spectra were recorded on a Cary 210 double-beam spectrophotometer (Varian. Palo Alto. CA). High pressure 
liquid chron^tography was performed on a component system consisting of Micromeritics 728 autosampler. Beckman 
15 1 12 solvent delivery module. Waters Lambda-Max Model 481 LC spectrophotometer, and Rsher Recordall series 5000 
recorder. The samples were sonicated in a Rsher Bransonic ultrasonic cleaner and equilibrated in a MGW Lauda con- 
stant temperature water bath. 

Solubility Studies 

20 

Phase-solubility experiments were conducted by adding excess amounts of the drug to be tested to aqueous solu- 
tions containing various amounts of 2-hydroxypropyl-p-cydodextrin and sonicating the mixture for one hour After equi- 
libration in a 25±1'*C water bath in the dark for at least 48 hoirs. aliquots of the mixtures were filtered through 0.45 fim 
membrane filters, diluted and the drug concentrattons measured by reversed-phase HPLC metiiods. 
25 For comparison, the solubilities of the drugs in water were also determined. 

HPLC Methods 

ChlordiQz^xide 

30 > 

Wavelength: 245 nm 

Column: Waters ^iBondapak CN, 3.9 mm (id.) X 30 cm 

Mobile phase: acetonitriie. acetic acid, water (60:1 :39) containing 0.1% 1 -hexasutfonic acid, sodium salt 
Flow rate: 2.00 ml7min. Retention time: 4.0 min. 

35 

Dexamethasone 

Wavelength: 263 nm 

Column: ASI C18, 10 ^m, 3.9 mm (i.d.) x 30 cm 
40 Mobile phase: acetonitriie. water (55:45) 

Flow rate: 1 .00 m\Jjri*iy Ret-^t^ion time: 3.6 min. 

Diazepam 

45 Wavelength: 241 nm 

Column: Waters fiBondapak CN, 3.9 mm (i d.) X 30 cm 

Mobile phase: acetonitriie. water (6:4) 

Flow rate: 2.00 mL/min. Retention time: 3.2 min. 

50 17B-Estradiol 

Wavelength: 280 nm 

Column: ASI C18. 10 pm. 3.9 mm (i.d.) X 30 cm 
Mobile phase: acetonitriie. water (55:45) 
55 Flow rate: 2.00 mL/min. Retention time: 4.4 min. 
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1 7a-EthyrTviestradiol 
Wavelength: 248 nm 

Column: Ftsher Resotvex CI 8. 4.6 mm (i.d) x 25 cm 
5 Mobile phase: acetonitrile. water (6:4) 

Row rate: 1 .50 mLTmin. Retention time: 4.4 min. 

Ethvnvlestradiol 3-methvt ether 

10 Wavelength: 248 nm 

Column: Fisher Resolvex CI 8. 4.6 mm (i.d.) x 25 cm 

Mobile phase: acetonitrile. water (7:3) 

Row rate: 2.00 mLAnin. Retention time: 6.0 min. 

15 Medazeoam 

Wavelength: 253 nm 

Column: Waters ^Bondapak CN, 3.9 mm (i.d.) x 30 cm 

Mobile phase: acetonrtrile, acetic water, water (60:1:39) containing 0.1% 1-hexanesutfonic actd, sodium salt 
20 Row rate: 2.00 mUmin. Retention time: 2.8 min. 

Methotrexate 

Wavelength 308 nm 
25 Column: Fisher Resolvex C18, 4.6 mm (i.d.) x 25 cm 

Mobile phase: methanol acetic acid, water (50:1 :49) containing 0.1% 1*octanesulfonic acid, sodium salt 
Row rate: 2.00 mL/min. Retention time: 3.5 min. 

Norelhindrone 

30 

Wavelength: 240 nm 

Column: Fisher Resolvex C18, 4.6 mm (i d.) x 25 cm 

Mobile phase: acetonitrile, water (6:4) 

Flow rate: 1.50 mL/min. Retention time: 3.6 min. 

35 

Norethindfone acetate 
Wavelength; 240 nm 

Column: Fisher Resolvex C18, 4.6 mm (i d) x 25 cm Mobile phase: acetonitrile. water (7:3) 
40 Row rate: 2.00 mL/min. Retention time: 5.0 min. 

D(-)-Norqe?trel 

Wavelength: 241 nm 
45 Column: Fisher Resolvex C18. 4.6 mm (i.d.) x 25 cm 
Mobile phase: acetonitrile, water (7:3) 
Row rate: 2.00 mL/min. Retention time: 3.4 min. 

Oxazepam 

Wavelength: 230 nm 

Column: Waters pBondapak CN. 3.9 mm (i.d.) x 30 cm 
Mobile phase: acetonitrile. water (35:65) 
Flow rate: 2.00 mL/min. Retention time: 2.6 min. 

Phenvtoin 

Wavelength: 258 nm 
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Column: Fisher Resolvex CI 8. 4.6 mm (i.d.) x 25 cm 

Mobile phase: acetonrtrile. water (55:45) 

How rate: 2.00 mL/min. Retention time: 1 .6 min. 

5 Qll-trang-RgtinQl 

Wavelength: 325 nm 

Column: Waters jiBondapak CI 8. 10 jim. 3.9 mm (i.d.) x 30 cm 
Mobile phase: acetonltrile, water (55:45) 
10 Flow rate: 1 .00 mlTmin. Retention time: 5.8 ntin. 

Results 



IS 






TABLE III 








Solubilization of Drugs by 2-Hydraxypropyl-p-Cyclodextrin in Aqueous Solution at 25±1**C. 




Drug* 


Solubility in water 
(mg/mL) 


Solubility in HPCD - Water Solution • 


Increase in Solubility 
. (HPCD water) 


20 






Cone, of HPCD 


Solubility (mg/mL) 






Chlordiazepoxide 


n nit> 


50%w/w 


147.8 






Dexamethasone 


0.008 


50%w/w 


44.3 


-5.500 


25 


Diazepam 


0.05^ 


50%w/w 


7.4 


-150 


17p-Estradiol 


0.004^ 


50%w/w 


40.5 


-10.000 




17a-Ethynylestradiol 


0.008 


50%w/w 


68.2 


-8.500 


30 


Ethynylestradiol 3- 
methyt ether 


0.001 


50%w/w 


13.3 


-13.000 




Medazepam (pH 7.5) 


0.01 


50%w/w 


8.3 


-850 




Methotrexate {pH 7.6) 


0.045 


50%w/w 


10.0 


-200 




Norethindrone 


0.005 


50%w/w 


19.0 


-4,000 


35 


Norethindrone acetate 


0.0002 


50%w/w 


19.5 


-97.500 




D(-)-Norgestrel 


0.002 


50%w/w 


4.9 


-2.500 




Oxazepam 


0.03 


50%w/w 


4.2 


-150 


40 


Pherrytoin 


0.02 


50%w/w 


9.3 


-450 




All-trans- Ret: iTOl 


0.001 


50%w/w 


4.6 


-4.600 



a) pH ol the 2HPGD solution grven when monitofed - 
Literature values 

45 



TABLE IV 



Solubilization of Drugs by 25% w/v Aqueous Hydroxypropyl- 
p-Cyclodextrin at 25±rC. 


Drug 


Solubility (mg/mL) 


Dexamethasone 


24.18 


17 p- Estradiol 


19.13 


1 7 a-Ethynylestradiol 


34.47 


17 a-Ethynyl stradiol 3-methyl ether 


7.13 
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TABLE IV (continued) 



Solubilization of Drugs by 25% w/v Aqueous Hydroxypropyt* 
p-Cyckxlextrin at 25±1*C. 


Drug 


Sotubilrty (mg/mL) 


Norethindrone 


9.13 


Norethindrone acetate 


9.41 


D(-)-Norgestrel 


2.19 



App9r?tMS 

UV spectra were taken on a Perkin-Elmer 550 SE ctouble-beam spectrophotometer. The high pressure liquid chro- 
15 matography was performed on a component system consisting of Rheodyne 7125 injector, LKB 2150 HPLC punp, LKB 
2138 Lichrosorb RP18 10 mm column (4x250 mm). LXB 2138 uvicord 5 detector and Omniscribe recorder. The sam- 
ples were sonicated In a Ken-y Ultrasonic bath and equilibrated in Tecam TE-7 Tempette constant temperature water 
bath. 

20 $plMbllltyStu^lfi$ 

Phase-sojubii'rty experiments were conducted by adding excess amounts of the drug to be tested to aqueous solu- 
tions containing various amounts of 2-hydroxypropyi-p-cyclodextrin (HPCD) and sonicating the mixtures for up to four 
hours. After equilibration in a 30.0±0.2^C water bath in the dark for up to 72 hours, aliquots of the mixtures were filtered 
25 through 0.45 Mm membrane filters, diluted and the drug concentration determined by HPLC or UV methods. The son- 
ication and equilitxation time was kept at a rrtinimum because of the instability of the drugs. 

MPi-c mn ^^ 

30 Chloramtxjcil 

Wavelength: 245 nm 

Mobile phase: acetonitrile, acetic acid, water (45:1 :54) 
Flow rate: 2.00 mUmin. 
35 Retention time: 4.4 min. 

Lomustine 

Wavelength: 254 nm 
40 Mobile phase: methanol, water (7:3) 
Flow rai/ : 2.00 xrL/min. 
Retention time: 3.6 min. 

Melphalan 

45 

Wavelength; 254 nm 

Mobile phase: Methanol, acetic acid, water (60:1 :39) + 0.19% 1 -pentanesulfonic add. sodium salt. 
Row rate: 2.00 mLVmin. 
Retention time: 3.6 min. 

50 

Results 

Chlorambucil 

55 The preliminary experiment indicated that the solubility was about 30 mg/g in 50% w/w HPCD/H2O solution (soni- 
cation for 30 min. followed by equilibration at 30** for 4 hours). The drug is almost insoluble in water and the po. dose is 
about 100 mg/kg/day. Further experiments were done and the results are shown in TABLE V. Significant degradation 
occurred during the experiments (3.5 days). 
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Lomustrne 

The initial experiment indicated that the solubility was about 12 nng/g in 50% w/w HPCD/H2O solution. The results 
of the follow-up experiments are shown in TABLE VI. Some degradation occurred. 

5 

Melphalan 

The initial experiment indicated that the solubility was about 21 .9 mg/g in 50% w/w HPCD/HgO solution (sonication 
for one hour followed by equilibration at 30** for 4 hours). The results of the follow-up experiments are shown in TABLE 
10 VII. Some degradation occurred. 



TABLE V 



IS 


Solubility of chlorantxjcil in aqueous solutions of 2- 
hydroxypropyl-p-cyclodextrin (HPCD) at 30.0±0.2**C. 


% w/v HPCD 


Solubility (mg/mL) 




(1) 


(2) 


20 


0 


0.01 


0.41 










1 


0.74 


0.55 




2 


1.48 


0.84 




3 


2.37 


0.68 


25 


4 


3.22 


1.50 




5 


1.46 


1.80 




7 


2.71 


3.76 


30 


10 


4.96 


5.20 




15 


6.36 


7,60 




20 


8.49 


13.09 




25 


8.85 


18.40 


35 


(1) Sonication for 45 min. followed by equilibration at 
30* for 3 hours. 

(2) Sonication for 4 hours followed by equilibration at 
30° for 3.5 days. 



40 
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TABLE VI 



Soiubifity of lomusttne in aqueoi^ 
HPCD solutions at 30±0.2**Q 


7b W/W PlruU 


oOluDiifty {nnQfrnL} 


0 


0.18 


1 


0.38 


5 


1.68 


10 


3.33 


15 


6.26 


20 


8.44 


25 


8.9 



*) T>te f igiB-es shwn are average 
numtsers from up to four expert- 
ments. 



TABLE VII 



Solubility of melphalan in aqueous 
HPCD solutions at 30.0±0.2**C. 


% w/v HPCD 


Solubility (mg/mL)* 


0 


1.26 


1 


4.16 


2 


4.3 


3 


6.24 


4 


7.14 


5 


7.2 


7 


10.5 


10 


13.37 


15 


17.64 


20 


24.75 


25 


31.36 



) The figures shown are average 



values of several experiments. 
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TABLE VIII 





ChlorambudI 


Lomustine 


Melphalan 


p.O. ClOSG, } 


u.i-o.^ mg/Kg 


1 oU my/iTi 




oViliUiiilj III nciid V'V'ff/ 

solubility in 25% wA^ HPCD (mg/g) 
solubility in 20% wN HPCD (mg/g) 


n 41 

18.40 
13.09 


8.9 
8.44 


1 26 
31.36 
24.75 


increase: 








watery25% HPCD 


44.88 


49.44 


24.89 



*) From the Icetarxtic drug manual. 

") Daily dose. 

**') Every 6 weeks. ^ 



SQlubilttyStii^i^ 

Phase-sotubility experiments were conducted by adding excess amounts of alfaxalone to phosphate buffer solu- 
tions containing 20% w/v of selected cyclodexthns and sonicating the mixtures for at least one hour. (The phosphate 
buffer solution was prepared by dissolving 1 .183 g KH2PO4 and 4.320 g Na2HP04 in water and diluting to 1 liter.) The 
mixtures were filtered through .A5\m Milltpore syringe filters and diluted and the drug concentrations were measured 
by reversed phase HPLC methods. AKaxalone itself is virtually insoluble in water. 

HPLC Methods for Alfaxalone 

Wavelength: 294 nm 

Mobile phase: methanol: water (65:35) 

Flow rate: 1 .5 mUmin. 

Retention time: - 14 min. 

The results of these studies are summarized in TABLE IX below. 



TABLE IX 



Solubilization of Alfaxalone by 20% w/v Solutions of 
Selected Cyciodextrins at Room Temperature 


Cydodextrin 


Solubility (mg/mL) 


nraltosyl-p-cyclodextrin mixture 


20.02 


hydroxypropyl-y-cydodextrin 


18-41 


hydroxypropyf-r-cydodextrin 


15-11 


hydroxypropyi-p-cydodextrin 


22.83 


hydroxypropyl-p-cydodextrin 


24.42 



The following Examples illustrate the preparation of preferred reduced, dihydropyridine pyridinium salt redox car- 
rier systems for brain-targeted drug delivery which are contemplated for use in accord with the present invention and 
which have noi been specifically described in publications to date. 
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EXAMPLE 1 

Preparation of ^4-Nicot^novldooamtne : 

To a pyndine solution containing 1 1 .7 g (0.05 nrx)!) dopamine hydrobromide arKl 6.15 g (0.05 mol) nicotinic acid at 
O'C were added 10.3 g (0.05 mol) dicyclohesiylcarbodiimide (DCC). The reaction mixture was stin-ed at room tempera- 
tur for 24 hours and the formed dicydohexylurea was removed by filtration. The pyndine was removed in vacuo and 
the residue was aystaitized from water at O^C. The product was Isolated by filtration and dried over phosphoroi^ pen- 
taxide. Recrystallization from isoprcpanol gave 9.0 g (0.035 mol). 70% N-nicotinoyldopamlne. mp. 159-162**C; aque- 
ous solution of the conpound gave a green color with Fe"^ and reduced AgNOa; IR (KBr) 3300. 2960. 1725. 1630. 
1590, 1520» 1430. 1290. 1190, 1115, 720 and 710 cm \ NMR (dg-DMSO) 6 9.25^.25 (m. 7H), 3.3 (m. 2H) and 2.65 
(m, 2H) ppm. Anal. (C14H14N2O3) C. H. N. 

E X A MPL E 2 

Preparation of 1-Methyl-3-IN-(B-r3.4-dihydroxvphenvl)ethyl]Tcarbamoylpyridinium iodide : 

To a solution of 2 g (7.7 mmol) of N-nicotinoyldopan^ne in 40 mL of dry methanol were added 2.5 g (17.6 mmoO of 
methyl iodide. The reaction mixture was refiuxed with stirring for 6 hours. Methyl iodide (1 .5 g. 1 .05 mnx)f) was added 
and refluxing was continued overnight. Methanol was removed and ethyl acetate was added, affording yellowish crys- 
tals of the desired product. Yield 2.4 g (77%). m.p. 1 73-1 74*»C. 



To an Ice-cold solution of the product of Example 2 (3 g, 7.5 mnx>l) in 30 mL of trrfluoroacetic acid, tsobutyryl chlo- 
ride (2.4 g, 22.5 mmol) was added slowly, with stirring. Stinring was continued overnight at room tenperature. Trrfluoro- 
acetic acid was evaporated under vacuum and the residue was crystallized from ethyl ether: hexane (3:1). Yield 1.2 g 
(30.4%). m.p. 87-9rC. 

EXAMPLE 4 

Preparation of 1 -Methvl-3-IN-frB-f3.4-brs(isobutYrYtoxy)phenvf]ethvt]]}carbamoyl-1 . 4-dihydropyridine : 

A solution of 0.55 g (1 mmol) of 1-methyl-3-{N-[[p-(3.4-bis(isobutyryioxy)phenyl]ethyI]]}carbamoylpyridinium trifluor- 
oacetate in 50 mL of deaerated water containing 10 mL of methanol was extracted three times with 30 mL portions of 
ether. To the resultant aqueous solution were added NaHCOs - (0.25 g. 3 mmol) and 50 mL of ethyl ether and the mix- 
ture was kept under nitrogen. To this Ice-cold mixture was added sodium dithlonite (0.52 g, 3 mmot) and the mixture 
was stirred vigorously for 30 minutes. The ether layer was separated and the aqueous layer was extracted twice with 
ether. The conrt)ined ether extracts were washed with water and dried over sodium sulfate. Ether was removed u-^ier 
vacuum, leaving an oily product. NMR analysis confirmed that the product had the structural formula: 



EXAMPLE 3 



Preparation of 1-Methvl-3-fN-fr6-r3.4-bisfisobutvrvtoxv)pheny|]ethvnilcafbamoylDvridinium trffluoroacetate : 
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EXAMPLE 5 

Preparation of 5.5-Diohenvt-3-hvdroxYm ethv1-2.4-imkja2ofidin^ 

Phenytoin (5 g. 0.02 mol) was suspended in 180 mL of water; 20 mL of formaldehyde (37% solution) and 0.25 g 
K2CO3 wer added and the mixture was stirred at 25-30*»C for 24 hours. The white solid which formed was removed by 
filtration and washed repeatedly with a 3% solution of formaldehyde, then air-dried for 3 to 4 hours and over P2O5 in a 
vacuum dessicator. Yield 91-93%, m.p. 185-189°C. Anal. calc. for C16H14N2O3: C. 68.07: H. 5.00; N, 9.93. Found: C. 
67.97; H, 5.05; N. 9.93. The product had the formula: 



EXAMPLE 6 

Preparation of 5.5-Diphenyl-3-f(3*-pvridyi)cart3onylo xvmethvn-2.4-imkjazolidinedion 

The product of Exanrple 5 (3.00 g. 0.011 mol) was dissolved in 150 mL of dry pyridine, then nicotinic anhydride 
(4.25 g, 0.019 mol) was added. The resultant solution was stirred at room tenperature (25-30**C). under dry conditions, 
for 40 hours. The solution was poured into 2.5 L of water and the resultant white solid was renxTved by filtration, washed 
well with water and dried over P2O5 in a vacuum dessicator. 95% yield, m.p. 178-182"*C. Anal calc. for C22Hi7N304: C, 
68.21 ; H. 4.42; N, 10.85. Found: C. 68.12; H, 4.43: N. 10.83. The product had the formula: 



Preparation of 5.5-DiDhenvl-3-f(1''methvl-3'-Dvridlnium)cartx)nvloxvmethvn-2.4-imidazolidinedione iodide : 

The product of Example 6 (0.5 g, 0.0013 nrwl) was dissolved in 50 mL of acetonitrile, then 0.3 mL of methyl iodide 
was added and the reaction mixture was maintained at room tenrperature for 6 days. The solvent was removed by vac- 
uum distillation and ethyl ether was added to the residue. The ether solution was refrigerated for 2 hours, then the yel- 
low, hygroscopic crystals which formed were dried over P2O5 in a vacuum dessicator. giving the desired product in 85% 
yield- UV and H^NMR spectra confirmed that the product had the structure: 





EXAMPLE 7 
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5 




10 



Repeating the above procedure in nitromethane at a 50-70^0 bath temperature using excess methyl iodide, added 
gradually, lor 5 to 6 hours, afforded the same product in nearly quantitative yield. 

15 EXAMPLES 

Preparation of 5.5-DiDh envl-34f1^methvl-1\4'-dihvdroDyridin-3'-vncarbo^ 

The quaternary salt obtained in Example 7 (0.4 g. 0.0008 mol) dissolved in 40 mL of water. 3 mL of methanol 
20 and 15 mL of ethyl acetate. The reaction mixture was cooled to 0 to S^'C and deaerated, then sodium bicarbonate (0.39 
g. 0.0046 mol) and sodium dithionite (0.54 g. 0.0032 mol) were added. The mixture was stirred under nitrogen at 0-5*'C 
for 35 minutes. The organic layer was removed and the aqueous layer was extracted twice with 1 5 mL portions of ethyl 
acetate and the organic solutions were extracted with 1 0 mL of cold deaerated water. After drying over Na2S04. the sol- 
vent was renrtoved by vacuum distillation and the oily yellow solid was crystallized by addition of ether. Yield 70%. UV 
25 and NMR analyses confirmed that the product had the formula: 



EXAMPLE 9 

40 Preparation of 3-Bromoacetyloxymethvt-5.5-diDhenyl-2.4-imidazolidinedione : 

5,5-Diphenyl-3-hydroxymethyl-2.4-imidazolidinedione (2 g, 0.0071 mol) was dissolved in bronrraacetylchloride (15 
g. 8 mU 0.096 mol) by heating in an oil bath (70-80'C bath tenperature) for about 15 n^nutes. until the formation of HCI 
ceased. The mixture was cooled and 30 mL of ethyl ether were added. White crystals formed. The mixture was cooled 
45 to 0'*C. then the crystals were removed by filtration and dried over P2O5. Yield: 2.15 g (75%), m.p. 179-183**C. Anal, 
calc. for Ci8Hi5N204Br: C. 53.61. H. 3.75; N. 6.95; Br. 19.82. Found: C, 53.60; H, 3.79; N. 6.92; Br. 19.90. The product 
had the formula: 
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EXAMPLE 10 

Preparation of 3'(3'-BromocyoDionvnaxvmethvl-5.5KjiDherM-2.4'im 

5,5-Diphenyl-3-hydraxymethyI-2,4-imidaz licfinedione (5 g. 0.018 mol) was reacted according to the procedure of 
Exanple 9 with 3-bromopropionyl chtoride (6.8 g, 0.04 mol. 4 mL) using a bath temperature of 1 00*0. A white crystal- 
line product was obtained in 65% yield (4.9 g), m.p. 133-134*»C. Anal. calc. for Ci9Hi7N204Br: C, 54.69; H. 4.11; N. 
6.72; Br 19.15. Found: C. 54.79; K 4.12; N. 6.69; Br, 19.25. The product had the formula: 




EXAMPLE 11 

Preparation of 3-(2'-BromQProDionvl)oxvmethvl-5.5<liDhenvi-2.4-imidazolidi^ 

5.5-Diphenyl-3-hydroxymethyl-2,4-imidazo!idinedione (2 g, 0.0071 mol) was dissolved in 2-bronK)propionyl chlo- 
ride (8.5 g, 5 mL, 0.05 mo!) by heating for 30 minutes on a 100-1 10**C oil k>ath. The reaction mixture was cooled, 20 mL 
of ethyl ether were added, and the resultant solution was extracted with aqueous potassium cartx)nate. dried and then 
crystallized. The product was obtained as a solid white substance (1 g, 34%). m.p 112-115**C. Ana!, calc. for 
Ci9Hi7N204Br: C, 54.69; H, 4.1 1; N, 6.72; Br, 19.15. Found: C. 54.77; H. 4.15; N. 6.69; Br, 19.25. The product had the 
formula: 




EXAMPLE 12 

Preparation of 3-(3'-Cart)amcvl-1'-Dvridinium)acetvloxvmethvl-5.5-diphenvt-2.4-lmidazolidinedione bromide : 

The product of Example 9 (2.02 g, 0.005 mol) dissolved in 15 mL of nitromethane was mixed with nicotinamide 
(0.61 g, 0.005 nf>ol). The solution was stined on a 90-1 00"C tenrperature oil bath for 2 hours. The mixture was cooled 
to 60-70*'C and the white crystals which had formed were removed by filtration and washed with nitromethane. Yield 
61% (1.65 g), m.p. 193-197<'C (dec). Anal. calc. for C24H2iN405Br: C, 54.87; H, 4.03; N. 10.67; Br. 15.21. Found: C. 
54.70; H. 4.05; N. 10.64; Br. 15.25. The product had the formula: 
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EXAMPLE 13 



1$ Preparation of 3*(y-f3"-Carbamosd-r-Dvridinium)proDionvioxvmethvn-5.5^ bromide : 

The product of Example 10 (2.09 g. 0.005 mol) was dissolved in 15 mL acetonitrile. then nicotinamide (0.61 g. 
0.005 mol) was added. The solution was ref luxed for 6 days, then the solvent was removed. To the gum-like residue, 30 
mL of ethyl ether was added and the mixture was stirred for 2 hours. The white substance which fornned was removed 
20 by filtration and washed with ether Yield 78% (2.1 g); m.p 98-100"C (dec.); UV and H^NMR as expected. The product 
had the formula: 



35 EX A M P LE 14 

Preparation of 3-[2'-(3''-Cart>amovl-1"'Pyridinium)propionvloxvmethvf]-5.5<iipherwl-2.4-lmida20lidi^ bron^de : 

The product of Example 1 1 (0.69 g, 0.00165 nnol) was dissolved in 8 mL of acetonitrile, then nicotinamide (0.2 g, 
40 0.00 1 65 mol) was added and the solution was ref luxed for 22 hours. The solvent was removed from the resultant brown 
noncrystalline substance at 50*'C, then ethyl ether (15 mL) was added and the mixture was s-iTed for 2 hours. The light 
brown substance was removed by filtration and washed with ether. Yield 56% (0.5 g). m.p 158°C (dec.). The product 
had the formula: 
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Preparation of 3-f(3-Caft>amovI-1 '4'<fihN^rooyrdin' V-vnacety)oK)mr>ethyn-5.5Kjiphenvl-2 

The product of Example 12 (0.52 0.001 mol) was dissolved in a nvxture of 60 mL of water and 30 mL of ethyl 
acetate. The mixture was cooled at 5°C and deaerated. then sodium bicartx>nate (0.5 g. 0.006 mol) and sodium 
dithionite (0.7 g, 0.004 md) were added and the resultant mixture was stirred, with deaeration and cooling, for 30 trin- 
utes. The layers were separated and the aqueous layer was extracted wtth 30 mL of ethyl acetate. Th organic solution 
was extracted wHh 20 mL of cooled, deaerated water. After drying over sodium sulfate, the solvent was renxTved. Yield 
55% (0.25 g) of yellow aystals. melting at 155*160''C (dec.). The product reduced alcoholic silver nitrate solution and 
had the formula: 




EXAMPLE 16 

Preparation of 3-[3'-(3"'Carbamovl'1 "^''-dihydropyridin-l "'-yi)propionvloxvmethvt]-5.5'dbhenyl>2.4'imidazolidinedione : 

Substitution of the product of Example 13 in the general procedure of Example 15 and substantial repetition of the 
sodium drthiontte reduction there detailed afforded the desired product in 85% yield. The product melted at lOO'^C (dec.) 
and had the formula: 




The product of Example 14 can be similarly reduced to the corresponding dihydro derivative, melting at 105'*C 
(dec.). 

EXAMPLE 17 

Preparation of 4-Aminobutanoic acid cvclohexvl ester hydrochloride : 

GABA (8 g. 77.6 mmol) was suspended in 100 mL (0.96 mol) of cyclohexanoL Thionyl chloride (40 mL) was added 
dropwise to the mixture at 0<*C. The mixture was then ret luxed for 4 hours, cooled and crystallized from ethyl ether. The 
white crystals obtained in this manner were filtered and dried. NMR analysis confirmed the Identity of the product. 

EXAMPLE 18 

Preparation of 3'(N-r(3'-CvdohexvloxvcartX)nvnpropvn)carbamovlpvridine : 

Nicotinic acid (2.2 g. 18 mmol) was suspended in 50 mL of dry pyridine. Dicyclohexylcarbodiimide (3.68 g. 17.9 
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mmof) was dissolved in the solution, with stirring. 4-Aniinobutanoic add cydohexyl ester hydrochloride (4 18 nrvnol) 
was added arxJ the nrvxture was stirred for 48 hous. Precipitated dicyctohexyturea was renrx3ved by filtration and the fil- 
trate was evaporated to dryness. The residue was washed with 25 mL of ice cold water and extracted into ethyl acetate. 
The layers were separated and the organic layer was evaporated to dryness. NMR analysis confirmed the structure of 
5 the product. 

EXAMPLE 19 

Preparation of 1-Methvi-3-IN*-ff3^-Cvdohe)(vloxvcart »nvl)propyll} cart>anfTovlp^ iocfide: 

10 

The product of Example 1 8 ( 1 .74 g, 6 mmol) was dissolved in a ntinifminri amount of acetone and the resulting white 
precipitate was filtered. Methyl iodide (1 .5 mL^ 24 mmol) was added in one portion to the solution, with stining, at O^C. 
The mixture was allowed to gently reflux overnight Filtration of a white predpitate and evaporation of the yellow filtrate 
produced a reddish oil, which was dissolved in acetone, filtered and evaporated to dryness. Anal. calc. for 
15 C22H2303f^l: C, 47.26: H. 5.79; N, 6.48; I. 29.38. Found: C, 47.03; K 5.85; N. 6.44; I. 29.26. 

EXAMPLE 20 

Preparation of VMethvl-34N-ff3'-cvclohexvlcartx)nvl ]Dropyn)cart>amovl-1.4<lihvdroDvri 

20 

The product of Example 1 9 (0.1 1 g. 0.26 mmof) was dissolved in 25 mL of ice cold deaerated wat^'. NaHCOs (0 09 
g. 4-fold excess) was added, followed by Na2S204 (0.14 g. 3-fold excess). Ethyl acetate (25 mL) was added and the 
mixture was stirred under nitrogen for 30 minutes. The organic layer was extracted and dried to give an orange oil that 
reduced methanolic silver nitrate immediately NMR analysis confirmed that the product had the structure: 



30 




EXAMPLE 21 

40 . 

Preparation of Valproic acid chloride (2-PropylDerrtanovl chloride) : 

To 4.32 g (30 mmol) of valproic acid in an ice bath, thionyl chloride (3.60 g, 30 mmoO was slowly added, with stir- 
ring. The neat mixture was allowed to come to room temperature and then heated in a water k)ath at 50*'C for 30 min- 
45 utes. 50 mL portions of dry benzene were twice added and removed under reduced pressure. The resultant product 
was used in subsequent reactions without further purification. 

EXAMPLE 22 

50 Preparation of Valproic acid 2-iodoethvl ester (2'-lodoethvl 2-propvlpentanoate) : 

To the product of Example 21 (4.87 g 30 mmol), 2-iodoethanol (5.16 g. 30 mmol) was added with stirring and cool- 
ing in an ice bath. The neat mixture was then heated to 100**C In a water bath for 10 minutes, then removed from the 
heat and stirred for an additional 10 minutes. The reaction mixture was then dissolved in 50 ml of ether, washed with 
55 water (1 x 30 ml), 5% NaOH (2 x 30 mL). and again with water (2 x 30 mL). The ether layer was dried over anhydrous 
sodium sulfate and the solvent was removed under reduced pressure. A light yellow liquid product was obtained in 67% 
yield from valproic acid (6.0 g). Silver nitrate gave a bright yellow precipitate. NMR analysis confirmed the iderrtity of the 
product. 
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EXAMPLE 23 

Preparation of 1-f2'-^2"-Propf)^)pentanoWoxv1ethv1-3-c afbanTOVlDV iodide: 

The product of Exanple 22 (3.28 g, 1 1 mmol) and 50 mL of dimethyifonmmide were added to nicotinanrtide (1 .22 
g. 10 mmol). The mixture was heated to reflux for 3 hours/then was cooled. Removal of solvent under reduced pressure 
afforded a brown oily residue, which was stinred with ether (60 mL) for 30 minutes, giving a yellow powder. The ether 
was decanted and a fresh portion off ether (50 mL) was added. The crude product was vacuum fatered under N2. then 
was recrystallized from isopropanol/ether to give 3.5 g of the desired product (84% yield), m.p. 111-1 12"C. The product 
had the formula; 



EXAMPLE 24 

Preparation of l-[2^^2"-Prop ynpentanovlQXY]ethvl-3-caft>amovl-1.4Kjihvdropyridine: 

To 50 mL of ice-cold degassed deionized water, the product of Example 23 (420 mg, 1 mmol) was added. To that 
solution. NaHCOa (366 mg, 4 mmol) and Na2S204 (696 mg. 4 mvnoX) were added, with stinring. Nitrogen gas was bub- 
bled through the solution for 30 minutes. The aqueous solution was then extracted with ether (6 x 25 mL) until the ether 
layer v^ras no longer yellow. The combined ether extracts were washed with water (1 x 50 mL) and dried over MgS04. 
The ether layer was decanted from the drying agent and the solvent was removed under reduced pressure. To the oily 
residue, ether was added and then removed (10x5 mL) on a vacuum pump. A foam was formed, which retirned to an 
oil upon exposure to the atmosphere. Structure was confirmed by NMR analysis. 

EXAMPLE 25 

Pr ep arati o n Q f N-Nicc>tinoyltyroging gthyl ^stQr: 

Nicotinic acid (12.3 g. 0.1 mol) was dissolved in dry pyridine (300 mL). The solution was cooled and dicyctohexyl- 
cartx)diimide (20.6 g. 0.1 mol) was added. After dissolution, tyrosine ethyl ester hydrochloride (24.6 g, 0.1 mof) was 
added and the solution was stirred overnight. The precipitated dicyclohexylurea (DCU) was renwed by filtration. Addi- 
tional DCU was removed by triturating the oil with hot water. The product was purrfied with acetone. Calculated for 
^17^18^204 • I/2H2O: C, 63.16; H. 5.88; N. 8,66. Found: C. 63.10; H. 5.96; N. 8.59. The product can also be named 
N-[l-ethoxycartX)ny1-2-(4'-hydraxphenyl)ethyl]nicotinamide. 

EXAMPLE 26 

Preparation of N-l(1'Methvl-3-pvridinium)carbonvl]tvrosine ethyl ester iodide : 

N-Nicotinoyltyrosine ethyl ester (20 g, 0.06 mol) was dissolved in 200 mL of acetone. A two molar excess of methyl 
iodine (25.6 g, 0. 18 mol) was added and the mixture was refluxed for 6 hours. The solvent was removed under reduced 
pressure to yield the desired product as a solid form. NMR analysis confirmed the identity of the product which had the 
structural formula: 
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and can also be named 1-methyl-3-{N-{(1 '-ethaxycarbonyl)-2*-(4"-hydroxypheny1)ethyl}(art)anT^ iodide. 

IS 

E XA MPU g 2 7 

Preoaration of VMethv!'3-{N-fn -ethoxvcarbonvn-2'-f4"-Divalovloxvphenvl)ethvnicarbamov^ trifluoroacetate : 

20 The product of Exaoiple 26 (6 g, 0.0 1 3 mol) was dissolved in 50 mL of cold trif luoroacetic acid at 0^*0 in an ice idath. 
Pivaloyi chloride (3.14 g. 0.026 nrtof) was slowly added and the solution was warmed to room tenperature. After 24 
hours, the solvent was removed under reduced pressure. The resulting dark oil was triturated with petroleum ether txit 
no solidification occun^ed. Identity of the product was confirmed by NMR analysis. The product was dissolved In aque- 
ous methanol (10%) and extracted with ethyl ether to remove a highly colored contaminant before using as the starting 

25 material in Example 29 below. 

EXAMPLE 28 

Preparation of 1-Methv-34N-r(V-ethoxycarbonvl)-2'-(4"-isobutvrv!oxvDhenvl)ethvmcart3anrK^^ trifluoroace- 
30 tgte: 

The product of Example 26 (6 g. 0.013 mol) was dissolved in 50 mL of trif luoroacetic acid cooled to 0*C in an ice 
bath- To that solution, with stining, was slowly added isobutyryl chloride (2.77 g. 2.76 mL). The solution was stirred over- 
night at ambient temperature and the solvent was removed under reduced pressure. The oil was stirred overnight with 
35 petroleum ether and then dried in vacuo, but no solidification occurred. Identity of the product was confirmed by NMR 
analysis. The product was dissolved in aqueous methanol (10%) and extracted with ethyl ether to remove a highly 
colored contaminant before using in Example 30 below. 

EXAMPLE 29 

40 

Preparation of 1 -Methyl-3-(N-[(1 •-ethoxvcarbonvn-2''(4"-Divatj' ioxvpt ?frnvnethvlllcarbamovl-1 .4-dihydropvridine : 

The product of Example 27 (4.07 g 0.0079 mol) was dissolved in 100 mL of 25% aqueous methanol. Nitrogen gas 
was bubbled through the solution. To the solution, stining in an ice bath, was then added NaHCOa (2.02 g, 0.024 mol). 
45 Ethyl ether (100 mL) was added, followed by the addition of Na2S204 (4.12 g, 0.024 mol). The yellow biphasic solution 
was stirred for 30 minutes, then the layers were separated and the aqueous layer was extracted twice with 75 mL por- 
tions of ethyl ether. The combined organic fractions were dried ov& Na2S04 and the solvent was removed under 
reduced pressure to afford a solid foam which was oxidized by ethanolic silver nitrate. Anal. calc. for 
CaaHaoNaOs- I/2H2O: C. 65.23; H. 7.33. Found: C, 65.76; H. 7.28; N, 6.95. 

50 

EXAMPLE 30 

Preoaration of 1 -Methvl-S-IN^fl -ethoxvcarbonvl^2 -f4"-isobutvrvloxvDhenvt)ethvn}carbamovlO .4^ih^^ 

55 The product of Example 28 (2.20 g. 0.0044 mol) was dissolved in 100 mL of aqueous methanol. The solution was 
cooled in an ice bath with a stream of Nj passing through it To this solution, NaHCOa (1.11 g, 0.0132 mol) and ether 
(100 mL) were added. Then, sodium dithionite (2.30 g, 0,0132 mol) was added and the solution was stirred for 30 min- 
utes. The layers were separated and the aqueous phase was washed with ethyl ether. The combined organic layers 
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were dried over anhydrous Na2S04 and reduced in volume. The resultant orange oil was oxidized by ethanolic silver 
nitrate. Identity of the product was confirnted by NMR analysis. 

EXAMPUE31 

Preparation of Chtoromethvi f2S-(2a.5a.6B^l'3.3-dmethYl-7>oxo-6-ff2.6<limetho xv)benzamtdoM'thia'1'azabicv^ 
clof3.2.01heptane'2-cafbO)cylate: 

To a solution of 4.02 g (0.01 mol) methidllin sodium salt in 10 mL water and 10 mL CH2CI2. 2.4 g sodium bicarbo- 
nate and 0.34 g tetrabutylammonium hydrogen sulfate were added. Then,. 1 .9 g (0.01 1 5 mol) chloromethyi chlorosuifate 
dissolved in 3 mL CH2CI2 were added with stirring, over a 5 minute period, keeping the temperature below 30"C. After 
an additional 30 minutes of stirring, the organic phase was separated, washed twice with water and dried over MgS04. 
By removing the solvent in vacuo. 4.24 g of the desired product were obtained as a yellow solid, melting at 86-90''C. 

EXAMPLE 32 

Preparation of Chioromethvl f2S-(2a.5g.6p)V3.3<fimethv l-6-f5-methvl-3-Dhenvl-4-isoxa2olecafboxamido)-7-oxo-4-^ 
1 -azabicvclo(3.2.01heotane-2-cartx>xvlate : Substantial repetition of the procedure of Example 31 using 2.12 g (0.005 
mol) oxacillin sodium salt with 

1 .2 g NaHCOs. 0. 1 7 g tetrabutylammonium hydrogen sulfate and 0.95 g chloromethylchlorosulfate afforded 1 .87 g 
of the desired product melting at 78-80**C (dec.). 

EXAMPLE 33 

Preparation of Chioromethvl f2S'^2a.5a.6B)l-6-f3-f2-chlorophenvl)-5-methvl-4-isoxazolecarboxamido1-3.3-dimethvl-7- 
oxo-4-thia-1-a2abicyclof3.2.01heptane-2-cartx)xvlate : 

Using the same procedure as in Example 31. but substituting 2.38 g (0.005 mol) cloxacillin sodium salt (1 mol 
water), 1.2 g NaHCOa. 0.17 g BU4NHSO4 and 0.95 g chloromethyi chlorosulfate gave 2.27 g of the desired product 
melting at 97-100*»C (dec). 

EXAMPLE 34 

Preparation of Chloromethyi [2S-(ga.5a,gB)]-6-[3-(g.g-ciichiQrophenyO-5-methyl-4-isoxagolecarfcK^ 
thyl-7oxO'4-thia-1-azabicvclo[3.2.01heptane-2-cartx)xvlate : 

Similarly, following the procedure of Example 31 but using 2.55 g (0.005 mol) dicloxacillin Na salt (1 nwl water) with 
1 .7 g NaHCOs. 0.17 g BU4NHSO4 and 0.95 g chloromethyi chlorosulfate, 2.43 g of product were obtained melting at 
98-1 ore (dec.). 

EXAMPLE 35 

Preparation of FO-PvridinvlcarbonvDoxvfmethvl r2S-(2Q.5a.6p)]'3.3-dimethvl'7-oxo-6-r(2.6'dimethoxv)benzamidoV4- 
thi9-1-9zabigyglQf3.2.Q]hgptang-2-<;qrt?Qxylate: 

Three and eight-tenth grams (0.0089 mol) of the methidllin chloromethyi ester produced in Example 31 arxl 1.6 g 
(0.01 ml) potassium nicotinate in 70 mL DMF were stirred 6 days at room temperature (20-25*'C). 300 mL ethyl acetate 
were added, the resultant solid was removed by filtration and the solution was extracted 4 times with 50 mL concen- 
trated aqueous NaCI and dried over MgS04. The solvent was removed in vacuo and the resultant residue was purified 
by chromatography (silica gel). Obtained as a white solid were 3 g of the desired product melting at 151-157**C. 

EXAMPLE ?g 

Preparation of rf3-Pyridinvlcarbonvnoxvlmethvl r2S-f2n.5g.6B)1'3.3-dimethvl-6-(5-methvl-3-phenyl-4-isoxazolecart>ox- 
amido)-7-oxO'4-thia-1-azabicYClof3.2.01heDtane'2-cafboxvlate : 

Following the procedure of Example 35. but utilizing 1 .81 g (0.004 mol) of the oxacillin chloromethyi ester produced 
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in Exanrple 32 and 0.75 g (0.0046 mof) K nicotinate. afforded, after purrf ication by chromatography. 0.75 g of the desired 
product as a white solid melting at 79-82*'C (dec.). 

EXAMPLE 37 

Preparation of (f3'Pvrkjinv<cart)onvltoxv]methvl f2S'f2a.5a.66)1-6'f3-(2'ChloroDhenvn^ 
ldol-3.3 dimethy!-7-oxo-4-thia'1 -a2abicvdor3.2.01heDtanfr-2-cart)oxviate: 

Using the procedure of Exanrple 35, but substituting 2.1 g (0.0043 moQ of the daxadHtn chloromethyl ester pro- 
duced In Exanrple 33 and 0.8 g (0.005 rndi) K nicotinate. gave 1 .2 g of product melting at 83-85*'C (dea). 

EXAMPLES? 

Preparation of [(3-PYridiny1carbonvl)oxy]methvl [2S*(2a.5cL6p>]-6-[3'(2.6^ichlorophenyt)'5'methyl*4-isaxazolecartX)x- 
amidoV3:3-dimethyl-7-oxo-4-thia'1-azabicvclof3.2.01heDtane-2-carboxvtate: 

Similarly, following the procedure of Example 35 but using 2.27 g (0.0047 mol) of the dicloxacillin chloromethyl ester 
produced in Exarrpte 34 and 0.87 g (0.0054 moQ K nicotinate afforded 1.1 g of the product as a white solid melting at 
87-90*^0 (dec.). 

EXAMPLE 39 

Preparation of r2S-(2a.5Q.6B)l-€-frrn3.3-Dimethyi-7-oxo-6-ff2-.6^imethQxv)ben2amidol-^ 
2-vncaft>onYf)oxvlmethoxvlcarbonvn-1 -methvlpvridinium iodide : 

One and one-fourth grams (0.0024 mol) of the methicilltn derivative produced in Example 35 in 35 mL nitromethane 
and 1.14 g (0.5 mL) (0.008 mol) methyl iodide were reacted in a closed system at room tenrperature (20-25*C) for 7 
days. The solvent was removed in vacuo, the resultant residue was stirred with ether, filtered off, washed with ether and 
dried. There were thus obtained 1 ,6 g of yellow hygroscopic product melting at SS-IOO^'C and being further character- 
ized by the structural formula: 




EXAMPLE 40 

Preparation of f2S-f2a.5a.60)1-3-frffr3.3-dimethvl-6-f5-methvl-3HDhenvl-4-isoxa2olecarb^^ 
cvclor3.2.Q1hePt-2-vl]cart)onvnoyv)methoxv]carbonvtl-l -methvlpvridinium iodide : 

Using the procedure of Example 39, but substituting 0.5 g (0.0009 mol) of the oxacillin derivative produced in 
Example 36 in 25 mL nitromethane and 0.45 g (0,2 mL) (0.003 mol) CH3I produced, after 6 days. 0.6 g of the desired 
product melting at 75-80**C and having the formula: 
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EXAMPLE 41 

20 Proration Qf [2S-{2fl.ga.6B)>3-rffffg-f3-f2i^hlorpphenY0-$-methYi-4H 

thia-1 -azabicydof3.2.0]heDt-2'ytlcarbonvnoxv1methoxvlcartx)nvn-1 -methvl^^^ iodide : 

Similarly, using the procedure of Example 39, but substituting 0.44 g (0.0008 nr>ol) of the cloxadllin derivative pro- 
duced In Example 37 in 25 mL nitromethane and 0.45 g (0.2 mL) (0.003 mol) CH3K gave 0.45 g of product melting at 
2s 90-95**C (dec.) and having the formula: 

CI 
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EXAMPLE 42 

45 

Preparation of r2S-f2a.5a.6P)1-3-rrrrr6-f3-f2.6<ilchlorQDhenvlV5-methvl-4-isoxa2ole^ 
4-thia-1 •azablcvciof3.2.Q1hept-2-vncarbonvl]oxylmethQxv1carbonvn-1 -methvlPYridinium iodide : 

In a similar manner, using the procedure of Example 39, but substituting 0.5 g (0.007 mol) of the dicioxacillin deriv- 
50 ative produced in Example 38 in 25 mL nitromethane and 0.45 g (0.2 mL) (0.003 mol) CH3I gave 0.55 g of product melt- 
ing at 95-100**C (dec.) and having the formula: 
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EXAMPLE 43 



20 



Preparation of fffl ■4- Dihvdro-1 -methvl*3-ovridinyOcartx)nvnoxv1methvl r2S-(2a.^ 

ciin)etho)^y)bgrizamtcioi-4-thia'i'azabicyciri3.g,Qlheptane-g-c^ 

0.45 g (0.0007 vnofi Of the product of Exarrple 39 dissolved in a mixture of deaerated 25 mL ethyl acetate and 70 
25 mL water were reduced with a mixture of 0.34 g (0.004 mol) NaHCOa and 0.48 g (0.0028 mol) sodium drthionite at 0- 
5X over 70 minutes. The disappearance of the 268 nm maxima and increase of 366 nm maxima in the U.V. spectra 
were followed. The layers were separated and the aqueous layer was extracted with 2 x 25 mL ethyl acetate, then the 
organic layers were extracted with 2 x 20 mL cold, deaerated water. After drying over Na2S04, the solvent was removed 
in vacuo 0.25 g of the product was obtained as a yellow solid melting at 88-90°C (dec.). The product had the formula: 



Preparation of fffl 4- Dihvdro-1-methvl-3-Dyridinyt)cartX)nvnoxv1 methyl r2S-(2a.5a.6B)1-3.3-dimethvl-6-(Smethvl-3-phe- 
50 nvi-4'isoxazolecart>oxamido)'7-oxO'4-thia-1-azabicvciof3.201heptane-2-caTtx)xvlate : 

Similarly, repetition of the general procedure of Example 43 using 0.17 g (0.00025 mol) of the product of Example 
40, 0.08 g (0.0001 mol) NaHCOa and 0.51 g (0.001 mol) Na2S204. in 15 mL water and 15 mL ethyl acetate, afforded 
0.1 g of product melting at 93-100°C (dec). The product had the formula: 

55 
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EXAMPLE 45 

Pfewr^tipn of n(1.^-Dihydrp-Vmethyl-3-pyridinyi)tarlx?rTYflQXYlm0thYi [2S'(2ft.5tt.gB)]-6-p>f2-chiQrophenyl)-5-m^thYl- 
4'isoxazolecartK)xamido]-3.3-dimethvl-7-oxo-4-thia-1-azabiCTcto^ 

In a similar manner, following the procedure of Example 43. but substituting 0.18 g (0.00025 mol) of the product of 
Example 41. 0.089 NaHCOa and 0.17 g Na2S204. gave 0.13 g of product as a yellow solid, melting at 80-85''C (dec.) 
and having the structural formula: 




EXAMPLE 46 

Preparation of Un ■4-Dihvdro-1-methvl-3-Dvridinvl)carbonvnoxv]meth Yl r2S-(2Q.5a.6p)]-6-f3-(2.6-dichlorQphenyl)-5- 
methyl-4-isQxazolecarboxamido]-3.3<limethvl'7<)xo-4-thia-Vazabic^^ 

In like manner, repetition of the procedure of Example 43 using 0.19 g (0.00025 mol) of the product of Example 42, 
0.08 g NaHCOa. OM g Na2S204 yielded 0.14 g of desired product melting at 98-102°C (dec.) and having the formula:. 
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EXAMPLE 47 



20 



Preparation of rf3'Pvri dinvlcarbonvnoxv]methvl r2S >(2a.5cL6B)1-3.3-dimethvt-7>oxc)-6-r(Dhe nvlacetvl)aminoM>thia-1- 

a?abicyclo[3.gTp]heptape-2'garbo?^ate: 

A suspension of 3.83 g (0.01 mol) of the chtoromethyl ester of benzytpenrcillin. namely chloromethyl [2S- 
25 {2a,5a,6p)]-3,3<Jimethyl-7-c«o-6-[{phenylacetyOarnino]-4-tNa-1-azabicydo{3.2.oi and 1.93 g 

(0.012 mol) potassium pyridine-3-carbO)cylate inlOO mL of dimethytformamide was stirred at 20-25*'C for 6 days. Then. 
300 mL of methyl acetate were added and the solid was removed by filtration. The solution was extracted 4 times with 
concentrated aqueous sodium chloride solution, then dried over MgS04. The solvent was removed m vacuo to give 4.5 
g of foamy solid. Purification by chromatography over silica gel using ethyl acetate as eluent afforded 2.5 g of product 
30 melting at 127-130^C. 

EXAMPLE 48 

Preparation of r2S-(2a.5a.6B)l-3-rrrrr3.3-Pimethvl-7-oxo-6-r(phenvlacetvi)amino]-4-thia-l -a2abicvdQr3.2.01hept-2- 
35 yl]carbQnyl]Qxy]methQxylCTrbQPyl]-1 -mgthylpyrKiinium iodide: 

Two and one-half grams (0.053 mol) of the product of Example 47 dissolved in 100 mL of dry nrtromethane were 
reacted with 2.25 g (1 mU 0.016 mol) of methyl iodide in a dosed system at 20-25'*C for 6 days, at the end of which 
time thin layer chromatography showed complete reaction. The solvent was removed in vacuo and the solid residue was 
40 Slurried with ether, filtered and dried in vacuo over P2O5. The product, melting at 90-95*'C (dec.) was obtained as a yel- 
low solid (2.91 g). It was assicned tite structural formula: 
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EXAMPLE 49 

Preparation of [f (1 .4'Di7Tvdro-1 'methYl-3-Dvridirwncart)onvt)oxYlmetM f2S^2a.5a.6B>V3.3-dimeth vl-7-axo-6-ffphenv- 
lacgtynamino]-44hiaO -azabicvcto[3.2.Q]heptarie'2-caf1X)xy^ 

5 

The quaternary salt prepared in Example 48 (3.25 g, 0.0053 mof) was dssolved in a mixture of 350 mL of water 
and 150 mL of ethyl acetate. The resuJtant mixture was cooled at 0-5°C and deaerated with nitrogen^ then a mixture of 
2.67 0 (0-032 mof) of sodium bicarbonate and 3.69 g (0.021 mol) of socf um drthionrte was added ver a 2-3 ntinute 
period. The reaction nrnxture was stirred for 1 hour under the same conditions as before, then the layers were separated. 
10 the aqueous layer was extracted twice with 50 mL portions of ethyl acetate, and the combined organic extracts were 
washed twice with 30 mL portions of cold, deaerated water Drying over sodium sulfate and removal of the solvent ia 
vacuo afforded 1 .7 g of yellow solid melting 98-100''C and having the fornrtula: 



15 



20 



25 




30 EXAMPLE SO 

Preparation of Chioromethvl N-fS-dO.1 1-dihvdro)-5H<libenz(b.f]a2eDin-5-vl)lDroDVl-N-methvlcari3annate : 
MfithQsLA: 

35 

Desipramine hydrochloride (1 .5 g. 0.005 mol) was dissolved in 20 mL of methylene chloride, cooled at 0-5'C. Then 
1 g NaHCOa was added, followed by 0.92 g (0.007 mol) chloromethyl chloroformate. The reaction mixture was stirred 
for 1 hour, then the salts were removed by titration and the solution was extracted twice with 10 mL portions of 5% HCI. 
The organic layer was cfried over MgS04 and the solvent was renroved in vacuo to give the desired compound as a 
40 colorless oily substance in 76% yield (1 .35 g). 

Method B : 

Imipramine hydrochloride (1 .59 g. 0.005 mol) was dissolved in 1 5 mL of water, then 5 mL of 4% sodium hydroxide 
45 solution was added, with cooling. The resultant imipramine base was extracted twice with 10 mL portions of benzene. 
The solution was concentrated to 10 mL, then a solution of 0.7 g (0.0054 nx>l) chloromethyl chloroformate in 5 mL ben- 
zene was added with cooling at 10°C. The reactfon mixture was stirred at 20-25°C for 30 minutes, then was refluxed for 
1 hour. A small amount of imipramine hydrochloride resulted and was filtered off. The solution was extracted twice with 
20 mL portions of 4% HCI and dried over MgS04. Removal of solvent in vacuo afforded 1 .2 g (66%) of product having 
50 the same characteristics as that obtained by Method A. 

gXAMPLg 51 

Preparation of 1 -Chloroethvl N-[3-(10.1lHjihvdro-5H-dibenzfb.flazepin-5-vmoropvl-N-methvlcart>amate : 

55 

Following the general procedure of Example 50, but using 1 .5 g (0.005 mol) of desipramine hydrochloride and 0.86 
g (0.006 mol) chloroethyl chlaoformate and carrying out the reaction at S-IO^C for 2 hours, gave 1 .6 g (86%) of the title 
compound as a colorless oil. 
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EXAMPLE $2 

Preparation of ffNhr3-f 10.1 1-DihvdrD-5H<ja>en2^.fla2eoin-5-vft]Df^ 3-PVri<<ine' 

carbPxylate: 

The product of Example 50 (1 .35 g, 0.0037 moQ dissolved In 5 mL dimethylformamid was added to a solution pre- 
pared from 0.57 g (0.046 mol) nicotinic ackJ and 0.45 g triethyiamine in 5 mL dimethylformamlde. The mixture was 
stin'ed for 24 hours at 25-30^C. then 30 mL of ethyl acetate were added. The precipitated salts were r moved by filtra- 
tion and the solution was extracted 4 times with 15 mL portions of saturated aqueous sodium chloride solution. Drying 
over MgS04 and removal of the solvent io vacuo afforded 1 g (61%) of pure product as an cAl 

EXAMPLE $3 

Preparation of f1-(N-r3-/1Q.1 1-Dihvdro-5H-dtoenz(b.flazeoin>5>vniDrQDvl-N-methvlaminok:^^ 3-Pvridine- 

Following the general procedure of Example 52. but using 1 .05 g (0.0028 md) of the product of Example 51 , 0.45 
g (0.036 mol) of nicotinic add and 0.36 g of triethyiamine in 10 mL dimethytformamide and carrying out the reaction at 
25-30''C tor 48 hours, gave 0.5 g of the title compound as a yellow oil. 

EXAMPLE 54 

Preparation of 3-rf N-r3-^ 10.11 -Dihydro-5H-dibenz[b.fla zeDin-S-vl)]propyl-N-methyla mino}carbonvlQxv]methQx^^ 
nyl-1-mgthylf?yri<Jinrgm iQtfi^g: 

Eight-tenths gram (0.0018 mof) of the product of Example 52 in 30 mL of nitromethane was methylated with 0.8 mL 
of methyl iodide at 25-30''C for 48 hours. The solvent was removed in vacuo and the residue was slurried with ethyl 
ether, filtered and dried over P2O5. The quaternary salt was obtained in 83% yield (0.88 g) as a light yellow solid melting 
at 172-175*C (dec.) and having the structural formula: 




EXAMPIESS 

Preparation of 3 -f 1 -(N-f3- n 0. 1 l-Dihvdro-SH-dibenzrb.flazepin-S-vm propyl -N-methvlamino)cartx)nvloxy1^ 
nvl-l-methvlpyridinium iodide : 

Following the general alkylation procedure of Exarrple 54, but using 0.5 g (0.001 1 mol) of the product of Example 
53 in 15 mL nitromethane with 0.5 mL methyl iodide, and carrying out the reaction at 20-25°C for 6 days, afforded 0.33 
g (50%) of the desired quaternary salt as a dark yellow solid melting at 101-103<*C (dec.) and having the structural for- 
mula: 
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EXAMPLE 56 

Preparation of [{N-f3-(10.1 1-DihvdrD-5H<itoen2fb.f|a2eDin-5-vniproDvi-N-methy^^ 1.4-dihvdro- 
1 -methvl-S-Pvridinecarboxvlate : 



Three-tenths gram (0.0005 moQ of the product of Example 54 in 30 mL water and 15 mL ethyl acetate was reduced 
with 0.25 g (0.003 mol) NaHCXDa and 0.35 g (0.002 mol) sodium dithionite at 0-5**C. with deaeration. tor a 60 minute 
period. The layers were separated and the aqueous layer was extracted twice with 30 mL portions of ethyl acetate. The 
combined organic layers were then extracted twice with 20 mL portions of cool deaerated water. Drying over Na2S04 
25 and removal of the solvent in vacuo afforded 0.22 g (95%) of the title compound, melting at 59-63**C (dec.) and having 
the structural formula: 



30 




CH 



3 



40 

EXAMPLE 57 

Preparation of ri'{N'[3-(10.1 1-DihvdrO'5H-dibenz[b.f1a2eDin-S-vn]DroDvl-N-methvtamino}cart>^ 1.4-dihv- 
45 dro-1-methvl-3-Pvridinecaftx)xylate : 

Following the procedure of Exarrple 56, but using 0.1 g (0.001 7 mol) of the product of Exanrple 55 In 10 mL water 
and 6 mL ethyl acetate. 0.11 g NaHCOa and 0.15 g Na2S204 and earring out the reaction for a 60 minute period, gave 
0.07 g (88%) of the title compound as a yellow solid, melting at 60-65°C (dec.) and having the structural formula;. 

50 



55 
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EXAMPLE 58 

Preparation of N-f2-Hvdroxvethvn-3-ov ridinecaft)oxamide : 

A solution of 49.2 g (0.32525 mol) ethyl nicotinate and 72 g (1.17 mol) ethanolamine was heated at 70*^0 for 60 
hours. The excess ethanolarr^ne was removed under reduced pressure and the resulting viscous cream oil was stirred 
with ether for 48 hours. The resulting white solid was removed by filtration, affording 46 g (85.1%) of the title compound 
melting at 75-78**C. 

EXAMPLE 59 

Preparation of 3-f2'-f2"-proDvnDentano vtoxv1ethylcart>amoylDyridine : 

To a stirred solution of 1 .0 g (0.006021 mol) of the product of Exarrple 58 and 0.61 g (0.00598 mol) triethylamine 
in 40 mL dry dichloromethane. 1.96 g (0.012047 mol) of {2-propyI)pentanoyl chloride were added and the mixture was 
refluxed for 4 hours. The resultant solution was washed sequentially with 30 mL 5% NaHCOa, 30 mL 5% HCI and 30 
mL water. The organic layer was dried over MgS04 and the solvent was removed under reduced pressure to give 0.6 g 
(34.3%) of the product as a pale brown oil. 

EXAMPLE 60 

Preparation of 1-Methvl-3-r2'-(2"-oropvl)perTtanovloxv]ethvlcart3amovlDvridinium iodide : 

To a solution of 1 g (0.00342 mol) of the product of Example 59 in 20 mL of dry ethyl acetate. 0.73 g (0.00513 mo\) 
of mf^tf.yl iodld<5 was added. The reaction mixture was stirred overnight at room temperature. The pale yellow solid 
which formed was removed by filtration and recrystallized from ethyl acetate to give 1.35 g (90.9%) of the quaternary 
salt as a yellow aystalline solid. The product had the formula: 



0 




CH3 



as confirmed by IR. NMR and UV analyses. 
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EXAMPLE 61 

Preparation of l-Methy-342W2"<)roDvnDentarK>v loxv1ethv1caft>an^^ 

5 To 50 mL of vigorously slrrred. degassed, ice-coW deionized water, a solution of 3.0 g (0.006909 mol) of the qua- 
ternary product of Example 60 in 50 mL of ethyl acetate was added. Throughout the reaction, the temperatiffe and pH 
were maintained at O^^C and 8 respectively, while nitrogen was but)bled through th reaction mixture. A mixture of 3.5 g 
(0.04145 mol) of sodium bicartx)nate and 4.8 g (0.02763 nw!) of sodium dithionite was added portionwise. After 45 rran- 
utes. the organic layer was separated and the aqueous layer was extracted with 100 mL of ice-cold ethyl acetate The 

10 combined organic extracts were washed with ice-cold water and dried over MgS04. Solvent was renwed under 
reduced pressure to give 2.1 g (98,8%) of the product as a pale yellow solid having the structural formula: 



'5 ^ Y^^WICH^CMjOC-CHCCHjCHjCKj); 



as confirmed t>y IR. NMR and UV analyses. 
EXAMPLE 62 

25 

Preparation of 3-Pvridinecart>oxvlic acid {2-hvdroxv)ethvt ester hydrochloride : 

To 120 mL cold (-10*C) ethylene glycol, 16 mL of thionyl chloride were added dropwise. Upon conpietion of the 
addition, 24.6 g (0.2 mol) of nicotinic acid were added portionwise and the reaction mixture was heated overnight at 
30 eo^C. Then, 700 mL of hoi tetrahydrofuran were added and the mixture was cooled. The solid which formed was 
removed by filtration and washed with ether to give 28.5 g of the title compound as white crystals. 

EXAMPLE 63 

35 Preparation of 3-f2'-f2"-ProDvl)pentan oyioxv1ethoxvcart)onvtDvridine: 

To a solution of 10.0 g (0.0491 vno\) of the product of Example 62 in 150 mL of dry CH2CI2, 10.7 g (0.09819 mol) 
of triethylamine were added. After alt of the solid was dissolved. 1 1.92 g (0.07364 nnof) of 2-propytpentanoyl chbride 
were added and the reaction mixture was stirred at room temperature for 36 hours. Sequerttial washing with 5% 
40 NaHCOa. 5% HCI and water afforded an organic layer which was then dried over anhydrous MgS04. Solvent was 
renf^:;t,ed under reduced pressure to give a yellow-brown oil thai was triturated with a 40:60 mixture of ether and petro- 
leum ether to yield 9.7 g of the product as an orange oil. 

EXAMPLE 64 

45 

Preparation of 1-Met hvl-3-f2'-f2"-Propvl)pentanQvloxy)ethQxvcarbonylpyridinium iodide: 

To a solution of 2.0 g (0.006816 mol) of the product of Example 63 in 10 mL of dry acetone. 1 .45 g (0.01022 mol) 
of methyl iodide were added and the mixture was refluxed overnight Removal of solvent under reduced pressure 
50 afforded 1 .84 g of the quaternary salt as a brown oil. The product had the structural formula: 
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^XKjOljOj-CHCCMjCMjCMjjj 



10 



EXAMPLE 65 

15 Preparation of 1-Methvl-342^(2"-PropvnDentanovloxv]ethoxvcartx)nvl 

To 50 mL of vigorously stirred, degassed, ice-cold deionized water, a solution of 1 .84 g (0.004226 mol) of the qua- 
ternary product of Exanrple 64 in 50 mL of ethyl acetate was added. Throughout the reaction, the temperature and pH 
were maintained at 0°C and 8. respectively, while argon was bUbWed through the reaction mixture. A mixture of 2.13 g 
20 (0.02536 mol) of NaHCOa and 2.94 g (0.0169 mof) of Na2S204 was added portionwise. After 55 minutes, the organic 
layer was separated and the aqueous layer was extracted with 100 mL of Ice-cold ethyi acetate. The combined organic 
layers were washed with ice cold water and dried over MgS04. The solvent was removed under reduced pressure to 
give 0.9 g of the title compound as a yellow oil. The product had the formula: 



(J 



30 I 

CH 



3 



EXAMPLE 66 

Preparation of 3.176-Bisf3-pyridinvlcartx)nynoxv)'19-nor-17a-oreQna-1 .3.5(10)-trien-20-vne : 

40 To 2.0 g (6.7 mmol) of ethinyl estradiol cfissolved in 50 mL of dry pyridine were added 6. 16 g (0.027 mo!) of nicotinic 
anhydride and a catalytic quantity of 4-(dimethyiamino)pyridine (DMAP). The solution was warmed gently tc SO°C tr 
effect solution. After 2 weeks, the pyridine solution was poured over ice and the solid produced was collected by filtra- 
tion. The solid was dried over P2O5 jn vacuo to give 3 g (85%) of an off-white powder. 

45 EXAMPLE 67 

Preparation of 3-Hvdroxv-1 7B-ff3-Pvridinvlcarbonvi^oxvM 9-nQr-1 7a-DreQna-1 .3.5^1 QVtrien-2Q- vne: 

To 200 mL of 0.5% methanoiic KHCO3. 2.0 g (3.9 mmol) of the product of Example 66 were added. After 6 hours. 
50 the slurry was diluted with 200 mL of water and the mixture was extracted with chloroform. The organic layers were 
combined, dried over MgS04 and concentrated in vacuo . The resuHing oil was triturated with hexane to give 1.48 g 
(94%) of a white solid. NMR and UV spectra and elemental analysis confirmed the identity of the title compound. 

EXAMPLE 68 

55 

Preparation of 1-Methvl-3-(f(19-nof'17aH3reQna'1.3.5(10)-trien'20-yn-17B-vnoxv1carbonvllDvrldinium iodide : 

To 50 mL of acetone, 1 .0 g (2.5 mmol) of the product of Example 67 was added, followed by 2 mL of methyl iodide. 
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The reaction mixture was refluxed tor 12 hours. The solid which formed was collected by fitration, yielding 1.15 g (85%) 
of the quaternary salt as a yellcw solid having the structural fomrujla 



10 



15 




The assigned structure was confirmed by UV and NMR spectral analyses and by elemental analysis. 
20 EXAMPLE 69 



25 



yne : 

To a cooled suspension of 1.0 g (1 .8 mmol) of the product of Example 68 in 100 mL of 50:50 water: tert-butanol, 
0.77 g of NaHCOs and 0.96 g of Na2S204 were added. The reaction mixture was stirred as O^C for 1 hour, then was 
extracted twice with 100 mL portions of CHjClg. The organic extracts were combined, dried ever MgS04 and concen- 
trated under reduced pressure to give 520 mg (69%) of the title compound as a yellow foam. The product was assigned 
the structure 



30 



35 



40 




45 which was in accord with UV and NMR values as well as elemental analysis. 
EXAMPLE 70 

Preparation of 3.17B-Bisff3-Dyridinvlcarbonvl)oxv)estra-1.3.5(10)-triene : 

50 

To 5.3 g (0.03 md) of nicotinoyi chloride in 30 mL of dry pyridine at 0**C were added 2.0 g (0.0073 mol) of p-estra- 
dioL The reaction mixture was refluxed for 1 hour, then was poured over 100 mL of ice water, and the resulting precip- 
itate was collected by filtration. The precipitate was dried in vacuo over P2O5, affording 3.18 g (90%) of the title 
compound melting at 148-1 50*C. 
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EXAMPLE 71 

Preparatk)nof 1.V-Dtmethyl-3.3'-fffestra-1.3.5M0)-fr 

To 50 mL of acetone and 2 mL (0.032 mol) of methyl iodide, 2.0 g (0.004 nx)l) of the product of Example 70 were 
added. The solution was heated at reflux overnight. The precipitate which formed was filtered, washed with acetone and 
dried to give 2.75 g (88%) of the quaternary salt meHing at 251 -252*'C and having the structural formula 



as confirmed by UV, NMR and elemental analyses. 
EXAMPLE 72 

Preparation of 3.1 7p-Bis(r(1 -methvM .4<lihvdropvridin'3'Vl)cartx)nvl]oxv}estra-1 .3.5(1 oytriene : 

One gram (1 .31 mnrx>f) of the product of Example 71 was dissolved in 100 mL of dry acetonitrile. To that solution, 
which was flushed with nitrogen. 0.28 g (1.31 mmol) of 1-(phenylmethyl)-4-(arTBnocartx)nyl)-1,2-dihydropyridine was 
added, and the reaction mixture was stined at 0°0 for 1 hour Removal of the solvent urx^er reduced pressure afforded 
a solid, which was suspended in methylene chloride and renxsved by filtration. The filtrate was chromatographed sev- 
eral times on a neutral alumina column prepared with methylene chloride. Purification and evaporation of the solvent in 
vacuo gave a solid foam. The product had the formula 



as confirmed by UV NMR and elemental analyses. 
EXAMPLE 73 

Preparation of 3-(Phenvlcartx)nYloxvM7B-K3'Dvridinvlcartx)nvt)oxv1estra-1. 3.5(1 OVtriene : 

Estradiol benzoate (2.5 g. 6.6 mmol) was dissolved in 50 mL of dry pyridine, then 1.66 g of nicotinic anhydride and 
a catalytic amount of 4-{dimethy1amino)pyridine (DMAP) were added. The reaction mixture was stirred for 5 days at 
room t mperature. then was poured into ice water. The solid which formed was collected by filtration and dried in vacuo. 




I 
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yielding 3.01 g (94%) of the product as a white solid melting at 1 51-1 54**C. 
EXAMPLE 74 

5 Preparation of 1-Methyl-3'(ff3-fDhenYlcarbonvlaxv^estra'1.3.5(10)4rien-176-vnow^ iodide: 

The product of Example 73 (1.5 g, 3.1 mmol) was suspended in 2.5 mL of acetone. Then. 2 mL of nriethyl iodide 
were added and the reaction mixture was refluxed overnight. The yellow solid (1.8 g. 93%) was collected by filtration 
and dried in vacuo . UV NMR and elemental analyses confirmed that the product had the assigned structure: 

10 



IS 



20 
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EXAMPLE 75 

Preparation of 3-(Phenvtcarbonvloxv)-17B-ff1 -methvl-l .4-dihvdropvridin-3-vncartx)nvnoxvlestra-1. 3.5(1 OMrlene: 

30 

The quaternary salt prepared in Example 74 (1 .2 g, 1 .93 mmol) was suspended in 100 mL of 50:50 tert-butyl alco- 
hot/water. Then, 0.81 g of NaHCOs and 1 .0 g of Na2S204 were added and the reaction was allowed to continue for 1 .5 
hours. The resultant solution was extracted with CH2CI2, and the organic phase was dried over MgS04 and concen- 
trated in vacuo to afford 650 mg of title compound as a yellow foam. The identity of the product was confirmed by UV. ' 
35 NMR and elemental analyses. It was assigned the structure: 



40 



45 




EXAMPLE 76 

Preoaration of N-f2-M-rBis(2-chloroethvl)aminolbutanovloxv]ethvlV3-pvricfinecarboxamide : 

Chlorambucil (20 g, 0.0657 mol) was dissolved in 800 mL of dry acetonitrile. then 13. 1 g (0.079 mol) of N-(2-hydrox- 
yethyl)-3-pyridinecarboxamide were added. Acetonitrile was added until the solution was clear. The total volume of ace- 
tonitrile used at this stage was 850 mL To the stirred solution, maintained over argon, there were added 1.492 g 
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(0.0723 mo!) of dicydohexylcartxxfiimide and 0.802 g (0.0066 mol) of 4Hdirne?thylamino)pyridine (DMAP). The reaction 
mixture was stirred overnight at room temperature under dry conditions, and the progress of the reaction was followed 
by thin layer chromatography. At the end of the reaction period, the solid which fooned was rerrwved and washed with 
50 mL of cold acetonitrile. The fatrate was evaporated in vacuo at 30**C. and the yellow solid this obtained was <fis- 
sotved in a minimum amount (15 mL) of 82 chlorofomrVtetrahydrofuran and applied to a column packed with 900 g of 
silica gel. The column was luted with 8:2 chlorofornVleirahydrofuran. The adduct and chlorambucil were eluted within 
the first 500 mL. and the desired ester was then collected upon evaporation of the eluent under vacuum. The title com- 
pound was obtained in 82.7% yield as a yellow solid melting at 73-75''C. tt had the formula 



(CICH^CM^jjW 




EXAMPLE 77 

Preparation pf 1-Methyl-3H{N-{g-I4({4^3is(2i?hiQrQgthyl)amino]}pheny!)birtanoyiox^^ meth- 
anosulfate: 

The product of Example 76 (2 g. 0.04 mol) was dissolved in 200 mL dry acetonitrile. Dimethyl sulfate (0.613 g, 
0.0486 mol) was added and the mixture was ref tuxed cvemight. The reaction was followed by thin layer chromatography 
(8:2 chlorofornVletrahydrofuran) until no more uriquatemized ester remained. Evaporation of the sotverrt in vacuo oave 
a residue which was washed several times with dry ether. The red viscous liquid which remained was stored over argon 
for further use. Yield 97.35%. The product was identified as the desired quaternary salt by NMR analysis. It was 
assigned the structural formula: 




EXAMPLE 78 

E^eBaralioncniMfil^^ 

ine : 

The quaternary salt prepared In Example 77 (2.49 g. 0.0043 mol) was dissolved in 350 mL of water. Nitrogen was 
bubbled through the solution throughout the reaction period. The aqueous solution was cooled over ice to 5*0. then 
2. 1 7 g (0.026 mol) of NaHCOg were added over a 5 minute period, followed by 2.997 g (0.01 7 mol) of sodium dithionite 
over a 10 minute period. The reaction mixture was maintained at 5**C for 1 20 minutes, then the layers were separated. 
The aqueous layer was extracted 4 times with ethyl acetate. The ethyl acetate extracts were combined, dried over 
MgS04 and evaporated to dryness in vacuo . The semi-solid thus obtained was washed several times with dry ether to 
give the title compound as a yellow solid melting at 90-92**C and having the structural formula: 



90 
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EXAMPLE 79 

15 Preparation of N-(4-Hvdroxvcvclohexvl)-3-Dvridinecarboxamide : 

7rans-4-aminocyclohexanol hydrochloride (5.05 g, 0.033 mol) was suspended in 50 mL of elhanol, then 33 mL of 
1 N NaOH were added slowly while cooling the reaction mixture to 10*^0. The honx)geneous mixture was evaporated to 
dryness, then three portions of a 50:50 mixture of benzene and acetone were added and evaporated to dryness jn 
20 vacuo each time. The dry solid was extracted with 100 mL of chloroform and filtered, arxf the filtrate was evaporated to 
dryness. The residue was triturated with ether and dried to give 3.50 g {91 .23%) of the free aminocyclohexanol melting 
at 111-112<»C. 

Nicotinic acid (2.14 g. 0.017 mol) was suspended in 75 mL of dry tetrahydrofuran, then 1.76 g of freshly distilled 
triethylamine were added. The dear solution thus obtained was cooled to -4**C in an ice bath under argon, then ethyl 
25 chiorofornrwte (1.88 g. 0.014 mol) in 10 mL of tetrahydrofuran was added such that the temperature did not go above 
O^C. The free aminocyclohexanol (2.0 g, 0.017 mo\) was added as a powder to the cold reaction mixture, which was 
allowed to come to room temperature and stirred for 2 hours. The precipitate which formed was collected by filtration, 
dissolved in 28 mL of hot water and recrystallized as 3.25 g (85%) of fine colorless needles melting at 208-2 10*^0 and 
having the formula 

30 



35 




40 as confirmed by elemental analysis. 
EXAMPLE 80 

Preparation of N-(4-f4-(f4-rBis(2-chloroethvmamino)phenvnbutanovioxv)cyclohexvl}-3'pvridinecarboxamide : 

45 . 

Chlorambucil (1.38 g, 0,0045 mol) and N-{4-hydroxycyclohexy!)-3-pyridinecarboxamide (1.1 g, 0.0049 nriol) were 
mixed together with 1.03 g (0.00459 mol) of dicyclohexylcartxxjiimide and 55 mg (0.00045 mol) of 4-(dimethyi- 
amino)pyridine (DMAP) in 50 mL of freshly distilled acetonitrile. The reaction mixture was stirred at room temperature 
in the presence of argon for 2 days. The progress of the reaction was followed by thin layer chromatography using 8:2 
50 chloroform/tetrahydroturan. At the end of the reaction period, the precipitate was rennoved by filtration and the filtrate 
was evaporated to dryness in vacuo at low tennperature. The residue was applied to a silica column and eluted with 8:2 
chloroform/tetrahydrofuran. The appropriate eluting portions were combined and evaporated to dryness in vacuo. The 
product (1 .86 g. 81%) was obtained as a light cream-colored powder melting at 120-122**C and having the formula . 

55 
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The identity of the product was confirmed by elemental analysis. 
15 EXAMPLE 81 

Preparation of 1 •Methvl-3-(N44-f4>(4 -ftoisf2K:hloroethvt)laminolphenvl)ixJtanoytoxv1cvdoh 
m^hanpsutfate : 

20 The product of Example 80 (1 g. 0.001 9 m6) was dissolved in 30 mL of dry acetonitrile and 0.249 g (0.0019 mot) 
of dimethyl sulfate was added. The mixture was refluxed under argon wrtil thin layer chromatography (8:2 chloro- 
form/tetrahydrofuran on silica) indicated quaternization was complete (atx)ut one and one-half days). The solvent was 
evaporated in vacuo, leaving an orange residue which was washed several times with anhydrous ether and evaporated 
in vacuo . The quaternary salt (1 .04 g, 80.6%) was obtained as a sticky yellow mass. It had the structural formula: 

25 



30 




^ EXAMPLE 82 

Preparation of 1 ->^ethvl-3-(N44-f4-f4-(fbis(2'Chloroethvl^1amino]Dhenvnbutanovloxv1cvclohexvl)cart)amoyl)-1 .4-d(hv- 
dropvridine : 

45 The quaternary salt prepared in Exanrple 81 (0.34 g. 0.0005 mo!) was dissolved in 0.5 mL of acetonitrile and taken 
up in 20 mL of degassed water (kxjbbling N2) cooled to 0*C. To the stirring solution, sodium tscartjonate (0.27 g 0.003 
nrx)l) was added, followed first by 0.37 g (0.002 mol) of sodium dithionite and then by 20 mL of ethyl acetate. After 90 
minutes, the organic phase was removed and the aqueous phase was extracted 3 to 4 times with ethyl acetate. The 
ethyl acetate extracts were combined, dried over sodium sulfate and evaporated in vacuo . The residual solid was 

50 washed several times with anhydrous ether and dried. The residue thus obtained was applied to a neutral alumina col- 
umn and eluted with chloroform under pressure. Evaporation of chloroform left 0.18 g (65%) of a hygroscopic yellow 
solid of the formula 



55 
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The identity of the product was confirmed by UV analysis. 

75 

EXAMPI-g 83 

Preparation of N-(2-Hvdroxv)DroDYl-3-Dvridinecarbo!xamlde : 

20 To 4.29 g (0.039 nrwl) of nicotinic acid suspended in 120 mL of dry tetrahydrofuran. 4.04 g (0.039 mol) of freshly 
distilled triethylamine was added in one portion. The resultant clear solution was cooled to -4*C in an ice bath under 
argon. Ethyl chloroformate (4.33 g. 0.039 nrwl) in 25 mL of tetrahydrofuran was added at such a rate that the tempera- 
ture of the solution did not exceed 0**C. Then, 3 g (0.039 nrol) of 1-amino-2-propanol were added directly to the cold 
reaction mixture. The reaction mixture was allowed to come to room temperature and stirred for 2 hours. The precipitate 

25 was removed by filtration and the filtrate was evaporated in vacuo. The oily residue was washed several times with 
anhydrous ether and allowed to stand. The title conpound was obtained as a white hygroscopic, low-melting, waxy 
solid melting at 40**C (6. 11 g. 85%) and having the formula 



30 




40 EXAItf|PLE94 

Preparation of N-(2-[4({4-[Bis(2-chloroethvl)1aminolphenvl)butanovloxy]propvft-3-ovridinecart30xamide : 

Chlorambucil (1.0 g, 0.003 mol) and N-(2-hydroxy)propyl-3-pyridinecart>oxamide (0 065 g, 0.0036 nrK>0 were com- 
45 bined with 0.68 g (0.003 mol) of dicyclohexylcarbodiimide and 41 mg (0.0003 mol) of 4-(dimethylamino)pyridine 
(Df^AP) in 40 mL of freshly distilled acetonitrile. The reaction mixture was stirred at room tenrperature in the presence 
of argon for 2 days, the progress of the reaction being followed by thin layer chromatography on silica using 8:2 meth- 
ylene chloride/ethyl acetate. At the end of the reaction period, the precipitate was removed by filtration and the filtrate 
was evaporated to dryness in vacuo at 30°C. The residue was applied to a silica column and eluted with 8:2 methylene 
50 chloride/ethyl acetate. The appropriate eluting portions were combined and evaporated to dryness in vacuo . The title 
compound was obtained as a sticky material in 84% yield (1 .53 g). It had the structural formula: 
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Preparation of 1 'MetM'3H(N-{2'[4'({4'[bfs(g-chlprpethyD]aminQlphenyi)bytangyipy^^ 

The product of Example 84 (2.2 g. 0.0047 mol) was dissolved in 45 mL of dry acetonitrile, dimethyl sulfate (0.59 g. 
0.0047 mol) was added and the mixture was ref luxed under argon. The progress of the reaction was followed by thin 
layer chromatography using 8:2 methylene chloride/ethyl acetate. After one and one-haH days, the solvent was removed 
by evaporation in vacuo, leaving an orange residue. The residue was washed thoroughly with anhydrous ether arxj was 
dried in vacuo . The product, obtained as a yellow sticky mass in 92.47% yield, had the structural formula: 



Prepar ation of 1 -Mgthvl'3-ffN-(2-r4-((4-rbisf 2-chloroethvl)1aminolDhenvhbutanovlQxv1ryoDvincarbamovn-^ ■4-dihydrQ. 
pyridine : 

The quaternary salt prepared in Example 85 (2.39 g, 0.004 mol) was dissolved in 1 mL of acetonitrile and then 
taken up in 100 mL of degassed water (bubbling Ng) and cooled to 0°C in an ice-water bath. Sodium bicartx)nate (2.03 
g. 0.024 mol) was added to the stirring solution, followed by 2.81 g (0.016 mol) of sodium dithionite. To the resultant 
mixture. 60 mL of ethyl acetate were added. The reaction was allowed to cc- *rnue for 90 minutes, then the phases were 
separated and the aqueous phase was extracted 3 or 4 times with 30 mL portions of ethyl acetate. The contjined ethyl 
acetate extracts were dried over sodium sulfate and evaporated in vacuo . The residue was applied to a neutral alumina 
column and eluted with chloroform under pressure. The appropriate fractions were evaporated to give a hygroscopic 
yellow solkJ in 60% yield. The product had the formula: 




CH3SO/ . 



EXAMPLE 86 




as confirmed by UV analysis. 
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EXAMPLE 87 

Pretaaration of N-f2-Hv droxY-2-Dhenvnethvl-3-Dvridinecarboxamide: 

5 Nicotinic add (1 .79 g, 0.014 mol) was suspended in 60 mL of dry tetrahydrofuran and 1 .48 g (0.014 nrx)l) of freshly 
distilled triethylan^n were added. The clear solution which resulted was cooled to -4**C In an ice bath and argon was 
bubbled through it continuously. Ethyl chloroformate (1 .58 g. 0.014 mol) in 10 mL of tetrahydrofuran was added at such 
a rate that the temperature did not exceed 0**C. Then 2.0 g (0.014 mA) of 2-an™no-1-phenylethanol were added as a 
solution in 5 mL of tetrahydrofuran. The reaction mixture was allowed to warm to room temperature and was stirred for 

10 2 hours. The precipitate which formed was renx)ved by filtration and the filtrate was evaporated in vacuo to give 3.22 g 
(91.1%) of a wrhite crystalline solid melting at 122-124*C and having the formula 



0 



15 




20 

Elemental analysis confirmed the identity of the product. 
EXAMPLES? 

25 

Preparation Of N-ff2'Phenvl-244-f(4-rbis(2-chloroethvl))aminolDhenvl)butanovloxy]lethvl)-3-Dyridin^^ 

Chlorambucil (1.0 g, 0.003 mol) and N-(2-hydroxy-2-phenyl)ethyl-3-pyridinecartx»camide (0.88 g, 0.003 mol) were 
combined with 0.68 g (0.003 mol) of dicyclohexylcartKxJiimide and 41 mg (0.0003 mol) of 4-(dlmethylamino)pyridine 

30 (DMAP) in 35 mL of freshly distilled acetonitrlle. The reaction mixture was stirred at room temperature under argon for 
3 days. This layer chromatography using 8:2 methylene chloride/ethyl acetate was used to follow the progress of the 
reaction. The precipitate virhich formed was removed by filtration and the acetonitrile was evaporated m vacuo . The res- 
idue thus obtained was applied to a silica column and eluted with 8:2 methylene chloride/ethyl acetate. The appropriate 
fractions were collected and evaporated in vacuo to give a light tan powder (1 .21 g, 70%) melting at 99-101*'C and hav- 

35 ing the formula 



(CICHjCHjljK 

40 




EXAMPL E 89 

Preparation of 1-Methvl-34(N-(2-Dhenvl-2-r4-(f4-[bis-f2-chtofoethvniamino]phenvl)butanovioxvl]ethvl)carbamovn^ 
50 inium methanosulfate : 

The product of Example 88 (0.5 g, 0.00094 mol) was dissolved in 20 mL of dry acetonitrile and 0.12 g (0.00094 
mol) of dimethyl sulfate was added. The mixture was ref luxed under argon for 2 days, then the solvent was removed by 
evaporation in vacuo . The residue wrhich was obtained was washed several times with anhydrous ether and dried to give 
55 0.54 g (91%) of a sticky light yellow product having the formula 
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EXAMPLE 90 

15 Preparation of 1 -Methvl-34f N-f2-Dhenvi-244'(f4-rbis(2-chlC)roethvn^aminotohenvnb^ .4- 
dihydropyridine : 

The quaternary salt prepared in Example 89 (0.53 g. 0.0008 nnof) was dissolved in 0.5 mL of acetonttrile and taken 
up in 20 mL of degassed, deionized water cooled to O^'C. Sodium bicarbonate was added to the stinging solution at 0°C. 

20 follcwed by 0.56 g (0.0032 mol) of sodium dithionite. Then, 20 mL of ethyl acetate were added and the reaction was 
allowed to continue for 2 hours. The organic phase was renrxsved arxj the aqueous phase was extracted several times 
with ethyl acetate (total volume 70 mL). until color was no longer observed in the organic phase. The ethyl acetate 
extracts were combined and dried over sodium sulfate and evaporated io vacuo. The residue was applied to a neutral 
alumina column and eluted wrth chloroform. Evaporation of chloroform gave 0.2 g (45%) of a hygroscopic orangish yel- 

25 low compound of the formula 



(ClCKjCMj)^* 

30 




35 The identity of the product was confirmed by UV spectral analysis. 
EXAIVIPLE 91 

Preparation of N-f2>Hvdroxvethvn-3-Dvridinecarboxamide : 

40 

A neat mixture of 2-aminoethanol (6.1 g, 0.10 rriol} -and ethyl nicotinate (15.1 g. 0.10 nnol) was refluxed overnight. 
As the mixture was cooled to room temperature, the product precipitated as a crystalline solid. It was filtered, washed 
with ether and then recrystallized from 2-propanol/ether. The final product was collected by vacuum filtration and 
washed with ether. The dried, white conpound weighed 10.7 g, resulting in a 64.5% yield; np 88.5-89.5*'C (lit. value 
45 92*0). 

EXAMPLE 92 

Preparation of <-t-)N-f2-(6-Methoxv-a-methvl-2-naphthalenvlacetoxv)ethvn-3H3vridinecartx)xami 

50 

Naproxen (2.30 g, 10.0 mmol) was coupled with the product of Exanpie 91 (1,71 g, 10.0 mnrKil) using dicyclohex- 
ylcartKxJiimide (2.30 g. 11.0 mmol) and 4-(dimethylamino)pyridine (122 mg. 1.00 mmol) in acetonitrile (150 mL). The 
reaction was stinted at room temperature for 48 hours. The precipitate was filtered, rinsed with acetonitrile and dried to 
a weight of 2.3 g. The solvent was removed under reduced pressure and the residual dear oil was stirred with anhy- 
55 drous ether The resulting white solid was vacuum filtered, washed with ether and air-dried. The crude product weighed 
2.80 g. The compound was recrystallized from 2-propanol. The final product was filtered, washed with 0.5% aqueous 
sodium bicarbonate, water, and finally wHh ether. The compound was dried in a desiccator over P2O5. The recrystal- 
lized material weighed 2.40 g resulting in an overall yield of 63.4%; mp 79-82*'C. 
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EXAMPLE 93 

Preparation of N-(24f 1 -fo-Chlorobefgovi^5-methoxv-2-methvl-3-tndotynace1oxY )e^ 

A reaction of indomethacin (1 .79 g, 5.00 mmol) and the product of Example 91 (0.830 g, 5.00 nmol) was canried 
out using dicydohexytcartxxiiimid (1 .10 g, 5.50 mnriof) as the coupling agertt and acetonrtrile as the solvent TTie first 
two reactants were dissolved completely and the solution was then cooled to 0**C. The dicyclohexylcart»diimide was 
added and the mixture was stirred overnight. Tlie reaction was allowed to continue for 48 hours. The precipitate (1 .2 g) 
was removed by vacuum filtration. The solvent was removed from the filtrate under reduced pressure leaving an oily 
residue. The product was solidified by stirring v^h anhydrous ether. It was filtered, air-dried and recrystaltized from eth- 
anol/ether. The final product was vacuum filtered, washed with ether, and air dried. The product weighed 1 .65 g. giving 
a 65.2 % yield; mp 123-125'»C. 

EXAMP(.E9 4 

Preparation of 1-Methvl-34N-[2-f6-methQxv-a-methvl-2-naDhthalenviacetoxv)ethvncarbamovnDvridinium iodide : 

The quaternlzation of the naproxen ester prepared in Exanrple 92 (1 .0 g, 2.6 mmol) was carried our using methyl 
iodide (2.3 9.16 mmol) in acetone (45 ml). The solution was heated to reflux for 20 hours. Methyl iodide (1.1 g. 8.0 
mmol) was again added to the reaction flask. The precipitated product was filtered after an additional 4 hours of reaction 
time. The off-white powder was dried. The material weighed 2.2 g and was found to be analytically pure without reays- 
tallization. The solvent was removed from the acetone filtrate and the residue was solidified with anhydrous ether. The 
resulting dark yellow powder was dissolved in water and washed with ether (4 x 30 mL). The water was then removed 
under vacuum giving 0.2 g of a lighter yellow powder. The overall yield of the reaction was 93%: mp 169-170''C. The 
product had the structural formula 



as further confirmed by UV, NMR and elemental analyses. 
EXAMPLE 95 

Preparation of 1 -Methyl-3-fN-(2-(f 1 -fD-chlorobtfozoyl)-5-methoxy-2-methvl-3-indolynacetoxv)ethvncarbamavf)pvridin' 
ium iodide : 

The quaternlzation of the indomethacin ester prepared in Example 93 (0.50 g. 1 .0 mmol) was carried out in ace- 
tone, using methyl iodide (1.7 g, 12 mmol). The reaction was refluxed overnight. The solvent was removed under 
reduced pressure and a yellow solid was obtained. The product was recrystaltized using ethanol and a very small 
amount of ether. Small mold-like crystals were obtained which were light yellow in color. The reaction gave 0.43 g or a 
66% yield of the purified material; np 1 78-1 79°C. UV, NMR and elemental analyses confirmed that the product had the 
structural formula: 




CH. 



'3 
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EXAMPLE 96 

20 Pfeoaration of 1 -MethN^*3-(N42-(6-methoxv-a'metM-2-naphthalenvlacetoxv)ethvncarbanrio .4-dihvdroEvridine : 

The quaternary salt prepared in Example 94 (780 mg. 1 .5 mrTX>l) was dissolved in degassed, deionized water (200 
mL) and acetonitriie (10 mL). Sodium dithiontte (780 mg, 4.5 rnrtK)!) and sodium bicarbonate (630 mg. 7.5 mmol) were 
combined and added to the solution at room temperature. The reaction was contirtued for 1 hour, while nitrogen gas 
was slowly bubbled through the solution. The partially precipitated product was extracted repeatedly with ether (8 x 30 
mL). The extracts were combined, washed with water (25 mL) and dried over magnesium sulfate. The drying agent was 
filtered arxi the solvent was removed from the filtrate under reduced pressure. The oily residue was dissolved in meth- 
ylene chloride (3x5 mL) and removed under reduced pressure. The resulting foam was rinsed with anhydrous ether (3 
mL) and the solvent was removed under vacuum. The final product weighed 390 mg. giving a 66% yield. The hygro- 
scopic solid foam was stored under nitrogen at *100°C. It had the structural formula: 




40 



as confirmed by UV, NMR and elemental analyses. 
EXAMPLE 97 

45 

Preparation of 1 -Methvl-S-f N-(2-(ri -(D-chlorobenzovlV5>methoxv-2-methYl-3-indQlyi] acetoxy)ethyl)carbamoyn-1 ■4-dihy- 

dropyrfdine: 

The indomethacin quaternary salt prepared in Example 95 (140 mg. 0.22 mmol), was dissolved in a minimum 
50 amount of water; acetonitriie (8:2). The water had been bubbled with nitrogen for 20 minutes prior to its use. Sodium 
bicarbonate (91 mg. 1.1 mmol) and sodium dithionite (1 10 mg. 0.65 mmol) were added to the solution whiie stirring at 
0**C. The solution was then allowed to warm to room temperature. The reaction was continued for about 1 hour. Some 
of the product had precipitated during the reaction. This was dissolved in ethyl ether. The water layer was extracted sev* 
eral times with ether until no more yellow color transferred to the organic layer The ether portions were combined and 
55 dried with magnesium sulfate, filtered and the ether was removed under reduced pressure. The resulting oil was dis- 
solved in acetone and the solvent was removed (2x10 mL) under reduced pressure to form a dry foam. The final prod- 
uct weighed 92 mg. The yield was 82%; mp 60-65*C. The product had the formula: 
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as confirmed by UV, NMR and eiementaf analyses. 
EXAMPLE 98 

Preparation of Nfn-HvdroxvcvclQhexvnmethvn-3-Dvridinecartx3xam>de: 

To 1 .48 g (0.012 nfX)l) of nicotinic acid suspended in 50 mL of dry tetrahydrofuran, 2.44 g (0.01 4 mdi) of freshly dis- 
tilled triethylamine were added, with stirring. The resultant clear solution was cooled to -4*^0 in an ice bath, under argon. 
Then 1.3 g (0.012 nrol) of ethyl chloroformate in 10 mL of tetrahydrofuran were added at such a rate that the tenpera- 
ture of the reaction mixture did not exceed 0**C. To the cold reaction mixture. 2.0 g (0.012 nx)l) of 1-aminomethyl-1- 
cyclohexanot hydrochloride were added directly as a powder. The reaction mixture was allowed to warm to room tem- 
perature and stirred for 2 hours, then the triethyfan^ne hydrochloride which formed was renrKived by filtration and the 
filtrate was evaporated jn vacuo to afford a white solid. The solid was recrystallized from water, washed with acetone 
and ether and dried. The title compound, obtained in 85% yield (2.4 g), melted at around 1 10**C. and was further char- 
acterized by the structural formula 



ON 




as confirmed by elemental analyse 
EXAMPLE 99 

Preparation of N-ff 1 -f4-((4-fBis(2-chloroethvP)amino)Dhenvnbutanovloxv)cvclohexvl}methvl)-3-pvridinecarboxamide : 

Chlorambucil (1 .18 g, 0.0038 mol) and N-[(1-hydroxycyclohexyl)methyi]-3-pyridinecarboxamide (0.99 g. 0.004 mol) 
were combined with 0.8 g (0.0038 mol) of dicyclohexyicartxxJiimide and 47 mg (0.00038 mol) of 4-(dimethylamino)pyri- 
dine (DMAP) in 60 mL of freshly distilled acetonitrile. The reaction mixture was stirred at room tenrperature under argon 
for 7 days. At the end of that time, the precipitate which formed was separated by filtration and the filtrate was evapo- 
rated to dryness at low temperature in vacuo . The residue was applied to a silica column and eluted, first with 8:2 meth- 
ylene chloride/ethyl acetate, then with 8:2 chloroform/letrahydrofuran. The appropriate eluting portions were combined 
and evaporated to dryness in vacuo . The title compound was obtained in 26% yield as a light yellow solid melting at 92- 
94*^0. It had the structural formula 
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as confirmed by elemental analysis. 
EXAMPLE 100 

Preparation of 1 -Methvi-a-rN-f 11 44-(4-({bisf2-chloroethvl)1amino)Dhenvnbutanoyloxy]cyclohexyf)methvl)^ 
bamovnpvrldinium methanosulfate: 

20 r . - 

To 0.69 g (0.0013 mol) of the product of Example 99. dissolved In 25 mL of dry acetonitrlle. was added 0.17 g 
(0.0013 mol) of dimethyl suHate. The mixture was refluxed until the reaction was complete (approximately 2 days), as 
evidenced by thin layer chromatography using 8:2 chloroform/tetrahydrofuran. The solvent was removed by evaporation 
in vacuo to afford an orange residue, which was washed several times with anhydrous ether and dried. The product was 
25 obtained as a sticky yellow mass (85%. 0.72 g) having the formula: 



30 
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40 

EXAMPLE 101 

Preoaration of 1 -Me thvl-3-fN-(l 1 44-(4-(fbisf 2-chloroethvl)]aminolphenvf)butanovloxv)cvclohexvl)methv!)cait>amovl-1 A- 
45 dihvdroDvridine : 

The quaternary salt prepared in Example 100 (0.78 g, 0.0012 mol) was dissolved in 0.5 mLof acetonitrlle and taken 
up in 20 mL of water degassed with bubbling N2. cooled to 0°C. To the stirring solution. 0.61 g (0.0072 mol) of sodium 
bicartxjnate was added, followed by 0.84 g (0.0048 moQ of sodium dithionite and 20 mL of ethyl acetate. The reaction 
50 was allowed to proceed for 75 minutes, then the layers were separated and the aqueous layer was extracted 3 to 4 
times with 20 mL of ethyl acetate. The organic extracts were confined, dried over sodium sulfate and evaporated in 
vacuo. The residue was applied to a neutral alumina column and eluted with chloroform under pressure. Evaporation 
afforded the product as a sticky yellow mass (0.31 g, 49%) having the structural formula: 

55 
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EXAMPLE 102 

20 Proration Qf ^•Mgt^^Y1•3^[2'(9i^uanYim^h(yy)eth^]ca^tx>nYl]pYrid^niurn iodtdg: 

Trigonelline anhydride diiodide (1-methy}pyridiniunn-3-carboxylic acid anhydride diiodide) was prepared as 
described by Brewster et al. Synthetic Co mmunications. 17( 4). 451 -455 (1987). 

To a solution of 1.0 g (4.4 mmo\) of acyclovir in 25 mL of freshly distilled dry pyridine were added 2.27 g (4.4 mmol) 

25 of trigonelline anhydride diiodide and a catalytic amount (5.4 mg, 4 mmol) of 4-(dimethytamino)pyridine (DMAP). The 
resultant suspension was stirred for 4 days under argon at room t&nperature. As the reaction proceeded, the orange 
color of the anhydride was replaced with a yellow color. When all of the acyclovir had been consumed, the reaction was 
stopped, the precipitate (containing the product ester plus the trigonelline formed as a by-product) was removed by fil- 
tration and washed with acetone and ether to remove DMAP. The yellow solid was then stirred in dry methanol at room 

30 tenperature to renwe trigonelline unreacted anhydride and acydcvir. The title compound was obtained in 87% yield 
(1 .82 g), melting at 201 -202*'C. NMR and UV analyses confirmed that the product had the formula: 



35 
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45 

E XAMPi e 10 3 

Preparation of 1 'Methvl-3-f F2'f9-Quanvlmethoxv)ethoxv]cart)onvlM .4-dihvdroDvridine : 

50 , . 

To a solution of 1.58 g (3.3 mmol) of the product of Example 102 in 120 mL of degassed water were added 1.69 g 
(20.1 mmol) of NaHCOa in one portion. The mixture was stirred at 0*C while 2.33 g (13.18 mmol) of sodium ditNonite 
were added over a 5 minute period. The flask was flushed with nitrogen throughout the reaction process. Thedihydro- 
pyridine product was insoluble in water and formed cream-colored crystals on top of the water layer. The crystals were 
55 separated by filtration and washed, first with ice-cold water and then with anhydrous ether. Drying over P2O5 in a dessi- 
cator maintained at -15°C afforded 0.626 g (54%) of the title compound melting at 163-165°C. NMR and UV analyses 
confirmed that the product had the formula: 
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EXAMPLE 104 

20 

Preparation of 5'-Prvalovttrlf luorothvmidine : 

To a stirring solution of 150 nr»g of trifluorothymidine in 5 mL of pyridine was added a sdution of 90 nng of pivaloyt 
chloride in 1 mL of pyridine, with cooling. Stirring was continued at room tenperature for 10 hours, then the reaction 
25 mixture was poured into 20 mL of ice water and extracted with 50 mL of ethyt acetate. The extract was washed with 
water and dried over sodium sulfate. The ethyl acetate was removed and the residue was purified by silica gel column 
chromatography using 20:1 chloroform/methanol as eluent. The title compound melted at 130-132^0 after recrystalli* 
zation from a mixture of ether and n*hexane. 

30 EXAMPLE 105 

Preparation of 3'-(3-Pvridvlcartx)nvn-5'-pivaioyltrffiuorothvmidine : 

To a stirring solution of 450 mg of 5*-pivaloyltrifluorothymidine in 10 mL of pyridine was added 1.0 g of nicotirK>yt 
35 chloride hydrochloride under ice-cooling. The reaction mixture was stirred at room temperature for 3 days, then was 
poured into 100 mL of ice water and extracted with 100 mL of ethyt acetate. The extract was washed with water, dried 
over anhydrous sodium sulfate and then evaporated in vacuo to give an oil. Crystallization from n-hexane afforded 500 
mg (87%) of colorless needles melting at 175-177*^0. The product had the structure 
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50 




55 



as further confirmed by NMR spectral anaylsis. 
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EXAMPLE 106 



Preparation of 3Wl'Methvl-3iyyridiniumcartxyivtV5'H3ivalovit rtflucH'othv^ iodide: 

To 440 mg of the product of Example 105 dissolved in 10 mL of acetone. 1.0 g of methyl iodide was added. The 
mixture was refluxed for 10 hours, then the prec¥)itate which fomied was collected by suction filtration to give 550 mg 
of the desired product as yellow leaves meltirtg at 188-190"C with decomposition, NMR analysis confimied that the 
product had the structural formula: 



10 



15 



6r" 



V 

(CM3)3c4-»-CM2 



20 



Pi 



CH, 



25 



EXAMPLE 107 

30 

Preparation of 3'-M .4-Dihvdro-1 -methvi-3-DvridinvlcartX)nvl)-5''Divalovltrffluorothvmidine : 

To a stirring solution of 100 mg of the product of Example 106 in a mixture of 20 mL of water and 20 mL of ethyl 
acetate were added 64 mg of NaHCOs and 1 15 mg of Na2S204 under N2 gas. The resultant mixture was stirred at room 
35 temperature for 1 hour, then the organic layer was separated and washed with water. The extract was dried over anhy- 
drous Na2S04 and evaporated jn vacuo . The residue was triturated with a mixture of ether and n-hexane and the yellow 
needles which formed were collected by suction filtration (50 mg. 62%). The product melted at 168-1 70**C. NMR anal- 
ysis confirmed that the product has the structural formula: 



45 



50 
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EXAMPLE 108 

Preoafation o f 3'-Azkto-3'<leoxY-5'-(3-pvridvlcartX)nvlMhvmidine: 

A mixture of 1.18 g (4.42 mmol) of aztdothymidine, 1.11 g (4.86 mmd) of nicotinic anhydride arti 0.15 g (1.22 
nrtmoO of N-(dimethytantino)pyndine was conr^ined in 50 mL of pyridine. The reaction nruxtur was stirred at room tenv 
perature overnight The dear, colorless reaction nnxture was concentrated in vacuo to a semisolid opaque mass which 
was triturated with ether ovemight The suspension was filtered and dried to give 1 .97 g of solid. Then. 1 .0 g of the solid 
was chromatographed over 20 g of silica get using 10% ethanol/chloroform as eluent. The desired fraction was isolated 
as 0.53 g of a white foam, which was crystallized from a solvent n^xture of ethand, diethyl ether and hexane. The prod- 
uct melted at 138.5*141 .S^C and had the structural formula 



as confirmed by NMR and IR. 
EXAMPLE 109 

Preparation of 3'-A2ido-3'-deoxv-y-f(1-methvi-3-Dvridinium)cart)onvnthvmidine iodide : 

A mixture of 0.53 g (2.0 mnx>l) of azidothymidine. 1.02 g (2.2 mmol) of trigonelline anhydride diiodide and 67 mg 
(0.5 mmol) of N-(dimethylamino)pyridine was combined in 25 mL of pyridine. The reaction mixture was stirred at room 
temperature for 5 days, then was filtered. The filtrate was concentrated id vacuo to a residue which was triturated with 
acetone ovemight. The resulting suspension was filtered and the filtrate was concentrated in vacuo to a foam, which 
was treated with water and filtered to remove a small amount of insoluble material. The filtrate was concentrated in 
vacuo to a sdid yellow glass (0.50 g. 49%). NMR and UV analysis confimied that the product had the formula: 
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EXAMPLE 110 

PreDaralion of 3^AzM(>-3'<leoxv-5'-fM-meft hvf-1.4Kithvdro-3^yyr^ 

The aude azidothymidine quaternary derivative prepared acxx)rding to the procedure of Example 1 09 (1 .45 2.82 
mmol) was dissolved in 50 mL of water and filtered. The filtrate was cooled in an ice bath and saturated with argon. 
Then. 1 00 mL of ethyl acetate and 2.90 g of NaHCQa were added, followed by 1 .45 g of Na2S204 after 5 minutes. The 
reaction was allowed to proceed for 1 hour, then the ethyl acetate layer was removed and fresh ethyl, acetate was 
added. This procedure was repeated to give three organic extracts and a reaction time of 3 hours. The extracts were 
pooled and concentrated in vacuo to a foam weighing 1 .01 g (92%). In foam was aystalllzed from methanol to give the 
title compound of the fornrula 



melting at 138-140**C. Its structure was confirmed by elemental analysis as well as NMR and UV 
EXAMPLE 111 

Preparation of Dopamine dtpivalate. oxalate salt : 

To a stirred mixture of 28.1 g of pivaloyi chloride and 150 mL of triftuoroacetic acid. 18.01 g of dopamine hydrobro- 
mtde were added. The mixture was stirred for 2 hours, then 14 mL of water were added and the mixture was concerv 
trated in ^SCUfi- The residual oil was dissolved in chloroform and washed with cold 10% KHGO3 solution until CO2 
evolution ceased. The layers were separated and washed with v^ter and the chloroform layer was dried over MgS04, 
filtered and evaporated to dryness. The residue was taken up in 100 mL of ethyl acetate and 7 g of oxalic acid were 
added together with 100 mL of ethyl acetate. The resultant solution was filtered to remove insolut>le materials and 1.6 
g oxalic add in 25 mL of ethyl acetate were added. The mixture was concentrated in vacuo and cooled. The crystals 
which formed were isolated by filtration, giving 13 g of the title compound. Cooling of the mother liquor afforded a sec- 
sriij crop 0' crystals (5.9 g). The product had the forrrujla: 



EXAMPLE 112 

Preparation of Chloromethvl N-(B-f3.4-bls(pivalyloxv)phenvllethvllaminocarboxvlate : 

Dopamine drpivalate. oxalate salt (822 mg. 2 mmol) was suspended in 15 mL of dry tetrahydrofuran. Triethylamine 
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(278 mU 1 fwnoO was added, the mixture was stirred for 15 minutes and a further 278 mL (1 mmol) of triethylamine 
were then added. Addition of QCO2CH2O (390 mg, 6 mmoO resulted in immediat formation of a heavy white predp- 
itat andth evolution of gas. The reaction mbctur was stirred over night at room temperature, then the precipitate was 
removed by fiHration and the filtrate was washed with 10 mL of 0. 1 M hydrochloric add. Drying over magnesium sulfate 
and evaporation t dryness afforded 1. 1 g of a golden oil of the structural fomuila 



The identity of the product was confirmed by elemental analysis. 
EXAMPLE 113 

Preparation of N-iB-f3.4-Bis(DivalvloxY)Dhenvnethvl)aminocarbonviaxYmethvl 3-ovridinecarboxvlate: 

The chtoromethyl cart>amate prepared In Example 112 (1.26 g. 3.04 mmol) was conrtfjined with 10 mL of dry 
dimethytformamide and that nvxture was added to a pre-mixed solution of nicotinic acid (375 mg. 3.04 mnnol) and tri- 
ethylamine (445 mU 5% excess) in 15 mL of dry dimethytformamide at room temperature. The reaction mixture was 
stirred for 4 days, then the precipitate which formed was removed by filtration. The filtrate was evaporated to dryness 
and the residue was taken up in 20 mL of methylene chloride. That solution was washed twice with 10 mL portfons of 
water. Removal of the solvent in vacuo afforded the title compound of the formula: 



The identity of the product was confirmed by NMR. 
EXAMPLE 114 

Preparation of N-fB-[3.4-Bis(pivalYloxv)phenvnethvnaminocarbonYloxvmethvi 1 -methyl-3H3vridinium carboxvlate iodide : 

The product of Example 113 (860 mg. 1.78 mmol) was connbined with 15 mL of dry acetonitrile and that mixture 
was treated with 223 mL (3.56 mmol) of methyl iodide. The resultant mixture was stirred for 6 hours at room tenpera- 
ture. then an additional 223 mL (3.56 mnx>l) of methyi iodide was added and the mixture was stirred overnight. Evapo- 
ration to dryness afforded, as an orange-red oil, the title compound of the formula 
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The tdentity of the product was confirmed by NMR analysts. 



EXAMPLE 115 



5 Preparation of N-l843.4-BisfDivalvloxv)Dhenyllethvi]anriinocarbonvioxvmethvl 1.4Kjih^^ 



20 



The quaternary salt prepared in Example 114 (54 mg. 0.084 mmol) in 10 mL of water was treated at O^C under 
nitrogen with NaHCOa (30 mg, 4 equivalents), Na2S204 (60 mg, 4 equivalents) and ethyl acetate (20 mL). The reaction 

10 was allowed to proceed for 1 hour 20 minutes, then the aqueous and organic layers were separated and the aqueous 
layer was re-extracted with 20 mL of ethyl acetate. The combined organics were dried over magnesium sulfate. 
Renrovai of the solvent in vacuo gave a red-orange oil which was taken up in chloroform and partially purified by elution 
with chloroform from a short neutral alumina column. The desired fraction was subjected to preparative thin layer chro- 
matography on silica using 80:20 chloroform/acetone. The highest band was taken as the title compound of the struc- 

15 tural formula: 



XJ 



25 



The identity of the product was corrfirmed by HPLC (high pressure liquid chromatography) determinations for its ability 
to release dopamine from plasma and brain homogenate. 

30 EXAMPLE 116 



Preparation Qf 9-FluQr(^1 1 p. 17<3i hy droxy- 1gfl - ^thyl-21-[( 3-p yridinylp^rt;M>^ 

Dexamethasone (1 g, 2.5 mmol) was dissolved in 50 mL of dry pyridine. To that solution were added 680 mg (3.0 
35 mmol) of nicotinic anhydride and a trace of 4-(dimethytamino)pyridine (DMAP). The reaction was allowed to proceed for 
4 hours, then the reaction mixture was poured over ice water and refrigerated overnight. The solid was collected by fil- 
tration and dried to give 1 .08 g (87%) of product melting at 262-265**C and having the structural formula 



40 



45 




as confirmed by elemental analysis. 
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EXAMPLE 117 

Preparation of 1 -Methvl'3^f(»»uoro-1 1 B. 1 7-dihvdraxv-1 6a-methylDreqna-1 ■4-diene'3.20< <iQn>2 1 -yltoxvlcartjo- 
nyi}pyridinium iodide : 

The product of Example 116 (0.74 g, 1 .5 mrnd) was dissofved in 50 mL of acetone to which 2 mL of methyl iodide 
was acWed. A small amount (10 mL) of CH3NO3 was subsequently added to increase solubility. The reaction was 
allowed to proceed for 2 days, then the solid was collected to give 0.54 g (56% yield) of the title compound melting at 
218-22rC and having the formula 




The structure of the product was confirmed by elemental analysis. 
EXAMPLE 118 

Preparation Qf9-FluorcKiiBJ7-^ihytfrQxy'-i&fl'methyi'2V{{fl -me 

(jigng-3.2Q-dion^: 

The general reduction procedure of Example 1 1 of U.S. Patent No. 4.617.298 was followed, using 0.78 mmd of the 
steroidal quaternary salt prepared in Example 1 17. 0.33 g of NaHCOs and 0.41 g of Na2S204 in 50% aqueous metha- 
nol at O'^C, with a nitrogen purge. The product had the structural formula: 




EXAMPLE 119 

Preoaration of 1 1 fi.1 7-Dihvdfoxv-21 ■f(3'DvridinYlcartx?nvl)oxvlDreQn-4-ene-3.20-dione : 

Hydrocortisone (2 g. 5.5 mmol) was dissolved in 50 mL of dry pyridine. Then, 1,38 g of nictotinoyi anhydride (6.05 
mmol) and a trace of 4-(dimethylamino)pyridine (DMAP) were added and the reaction was allowed to proceed for 4 
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hours at room temperature. The pyridine solution was poured into ice water and the resulting solid was collected by fO- 
tration. The solid was dried over P2O5 m yaoifi to give 2.4 g (93%) of the title compound of the formula 



'5 



10 




as confirmed by elemental analysis and UV spectral analysts. 
EXAMPLE 120 

20 

Preparation of 1-Methvl-34ff 1 1B.17<iihvdroxvDreQn'4-ene'3.20-dion'21'Vftoxv]cart)onvilDvridin^ iodide : 

The product of Example 119 (1 g, 2.1 mmol) was dissolved in 50 mL of acetone and 4 mL of methyl iodide were 
added. The solution was stinted at the reflux temperature overnight. RenfX)val of the solvent gave the title compound as 
25 a yellow powder in 98% yield. Elemental analysis confirmed that the product had the formula: 



35 




EXAMPLE 121 

Preparation of 1 1 B.I 7-Dihvdroxv-21 -(f(1 -methyl- 1 .4-€fi hvdroovridin'3'Yl)cartx>nvl]oxv)preQn-4-ene-3. 20 -dione : 

The general reduction procedure of Example 1 1 of U.S. Patent No. 4,617,298 was followed, using 0.8 mmol of the 
steroidal quaternary salt prepared in Example 120. 0.34 g of NaHCOs and 0.42 g of Na2S204 in 50% aqueous metha- 
nol at O^'C, with a nitrogen purge. The product had the structural formula: 
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20 EXAMPLE 122 

Preparation of N-f2-ChiorQCthv!>-N'42-f3-DvridinecarbQnvioxv>ethvll-N-nftroso^ 

A solution of 2-aminoethyl nicotinate dihydrochlorlde (1.25 g, 52 mmol) ajnd 2.4.5-trichlorophenyi-N-(2-chioroethyl)- 
25 N-nitrosocart>amate (2 6 mmol) in 40 mL of pyridine was stinted under nitrogen at room tenperature for 24 hours. The 
reaction was monitored by thin layer chrOTnatography (silica, 1:1 chloroform/ethyl acetate. Rf 0.26). The solvent was 
removed in vacuo and the residue was chromatographed on a silica gel column by eluttng, first with benzene to remove 
unreacted nitrosocart)amate and trichlorophenol by-product, and then with chloroform, to give the desired product The 
resultant oil solidified in the freezer. It melted at 63-64''C and had the formula 

30 
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40 



50 



55 



E-OCM^CH^KHCsO 

N-NO 
I 

CI 



EXAMPLE 123 

45 Preparation of N>f2-Chloroethvl)-N'42-M-methYl-3H3vridiniunK:arbonvloxv)ethvr)-N-nitrosourea iodide : 

A solution of the product of Example 122 (1.5 g, 5 mmol) in 40 ml of tetrahydrofuran was treated with excess 
methyl iodide. The mixture was stirred at 50*C for 4 hours. The finely crystalline, yellow solid thus obtained (1 .8 g. 82%) 
melted at 120- 121 "^C and had the structure 




O 



0 0 

II I 

C-OCH^CH^NNC-N-NO 
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as confirmed by elemental analysis. 
EXAMPLE 124 

5 Preparation of N-f2-ChloroethvlVN'-f2-{1 .A-dihvdro-l -methvt-3<)vridinecartx>nvto xv^ethvn-N-nltrDS0urea: 

A solution of the quaternary nitrosourea prepared in Example 123 (0.48 g. 1 .1 mmol) and 1-benzyi-1 ,2-dihyctroison- 
icotinamide (0.23 g. 1 mmoO in 25 mL of anhydrous methanol was stin^ed at 0*C for 4 hours under nitrogen. The solid 
which separated was filtered and washed with methanol and ether The solid was identified as 1 -ben2yl-4-cart>anx>ylpy- 
10 ridinium iodide by NMR. The filtrate was evaporated in vacuo at about 30*^0 and the residue was suspended in methyl- 
ene chloride. The solid that separated was filtered and washed with methylene chloride. The filtrate was evaporated in 
vacuo and the residue was dissolved in chloroform. Flash chromatography on a short column of neutral alumina, using 
chloroform as eluent. gave a chloroform solution which was evaporated in vacuo to afford 0.2 g (63%) of a gumnty res- 
idue, identified by NMR as the desired product of the formula 




25 An alcoholic solution of silver nitrate was readily reduced by the compound thus obtained. 
EXAMPLE 125 

Preparation of N'f2-FluoroethviVN*-r2-f3-Dvridinecarbonvloxv)ethvl]-N-nitrosourea : 

30 

A solution of 2-aminoethyl nicotinate dihydrochioride (1 .5 g, 6.3 mmol) and 2.4.5-trichlorophenyl-N-(2-fluoroethyl)- 
N-nitrosocarbamate (2.18 g, 6.9 nrvroQ in 50 mL of pyridine was stirred under nitrogen at room temperature for 24 
hours. The reaction was monitored by thin layer chromatography (silica, 1:1 chloroform/ethyl acetate. Rf 0.25). The. sol- 
vent was removed in vacuo and the residue was chromatographed on a silica gel column by eluting. first with benzene 
35 to remove unreacted nitrosocart>amate and trichlorophenol. and then with chloroform to elute the desired product The 
compound (1 .56 g, 87.4%) melted at 75-77**C and was characterized by the structural formula: 



0 



40 




50 

EXAMPLE 126 

Preparation of N-(2-Ruoroethvl)-N'-[2-(1-methyl-3-Dvridtniumcarbonvioxv)ethvn-N-nitrosourea iodide : 

55 A solution of the product of Example 125 (1.56 g, 5.4 mmol) in 40 mL of tetrahydrofuran was treated with excess 
methyl iodide. The mixture was stirred at 50* C for 4 hours. The finely crystalline, yellow solid thus obtained (2.20 g. 
94.1%) melted at 123-125**C and had the structural formula 
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EXAMPLE 127 

15 Preparation Of N*f2-nuoro ethy|)-NH2-n.4<f(hvdro-1-fnethvl-^^ 

A solution of the quaternary nitrosourea prepared in Exanple 126 (0.426 g. 1 mmol) and 1-benzyl-1.2-dihydroison- 
icotinamide (0.21 g. 1 mmol) in 25 mL of anhydrous methanol was stirred at 0°C for 4 hours under nitrogen. The solvent 
was evaporated in vacuo at about ZO'^O and the residue was suspended in chloroform, filtered arxi flash chromato- 
20 graphed on a short column of neutral alumina. The title compound was obtained in 55% yield after elution with chloro- 
form and was assigned the structure 



2s r^^^^V ^^2^?''»*C-NCM^CM^F 

' ' 0 MO 



i 

CH3 



consistent with UV analysis. 
EXAMPLE 128 

Preparation of Chloromethvl nicotinate : 



To a suspension of nicotinic acid (1.23 g. 0.01 mol) in a mixture of 10 mL of water and 20 mL of tetrahydrofuran 
were added tetrabutytammonium hydrogensuHate (0.34 g,1 mmol) and sodium bicarbonate (3.19 g, 0.038 mol). with 
40 vigorous stirring. Chloromethyl chlorosulfate (1 .81 g. 0.01 1 mol) in 5 mL of tetrahydrofuran was added dropwise. keep- 
ing the temperature below 30°C. The reaction nr^ixture was stirred for 1 hour. the:. aie layers were separated and the 
organic layer was dried by azeotroping with 1:1 acetonitrile/benzene. The residue was passed through a column of neu- 
tral alumina, eluting with chloroform. The chloroform layer was evaporated to give 1 .28 g (74.8%) of an oily residue, 
which was confirmed by NMR analysis to have the structural formula: 



C-O-CKj-Cl 



55 
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EXAMPLE 129 

Preparation of 1*(Pvrriine'3'<arbonvto xYmethyn-5-ftiKyoura 

5 5-FU (1 .31 g, 0.01 mol) was dissolved in 5 mL of dimethylacetamide and treated with triethylan^ne (2.78 mU 0.02 
moi). Chloromethyl nicotinate (2.95 g» 0.012 mol) in 5 mL of dimethylacetamide was added in one portion, and the mix- 
ture was stirred for 24 hours, filtered, washed with ethyl acetate and evaporated. The residue was chromatographed on 
a column of silica gel. using as eluent first benzene, th n 3:1 benzene/chloroform, then 1:1 benzene/chloroform, then 
3:1 chlorofornVbenzene. then chloroform and finally 99:1 chloroform/methanol. Unreacted nicotinate was eluted initially. 

10 followedbythe 1,3-bis-isomer and finally the 1 -isomer. The 1 -isomer (1. 3 g. 50%) melted at 190-1 92**C and had the for- 
mula 



15 




20 

as confirmed by NMR analysis. 
EX AM P L E 130 

25 Preoaration of 1.3-Bfs(pvridine-3-cart)onvloxvmethvn-5-fluorouradl : 

5-FU (1.31 g, 0.01 mol) was dissolved in 5 mL of dimethylacetamide and treated with triethylamine (5.6 mL, 0.04 
mol). Chloromethyl nicotinate (6.8 g, 0.04 mol) in 15 mL of dimethylacetamide was added in one portion, then the mix- 
ture was stirred for 48 hours and filtered, and the filter cake was washed with ethyl acetate. The filtrate was evaporated 
30 in vacuo and the residue was diluted with 1 00 mL of water and extracted with chloroform. The organic layer was evap- 
orated and the residue was dried by azeotroping with 1 :1 acetonitrile/benzene. The residue was chromatographed on 
a column of neutral alumina, eluting successively with benzene. 1:1 t)enzene/chloroform, and 50:50:1 benzene/chloro- 
form/methanol, to give 3.2 g (80%) of the bis-isomer of the formula 



35 



40 




45 as confirmed by NMR analysis. 
EXAM P L E 13 1 

Preparation of 3-(PYridine'3-carbonyiQxvmethYl)-5-fluQrouracil: 

50 

The 1,3-bis-isomer prepared in Example 130 was dissolved in 10 mL of methanol and mixed with 20 mL of potas- 
sium cartK>nate:sodium bicarbonate buffer (0.1 M), pH 10.00. The mixture was stirred at room temperature for 2 hours, 
by which time thin layer chromatography indicated that the bis-isomer had disappeared completely The mixture was 
evaporated and the residue was chromatographed on a column of alumina, eluting successively with chloroform. 99:1 
55 chloroform/methanol and 96:4 chloroform/methanol. The fractions were collected and those containing the 3-isomer 
were pooled and evaporated to give the compound of the formula 
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10 - - 

as a solid (0.2 g 30%) mailing at 1 79-1 80**C. The identily of the product was confirmed by NMR analysis. 
EXAMPLE 132 

IS Preparation of 1'f1-Methvl-3-Dvndiniumc artx)nvloxymethYn-5-fluorouracil iodide : 

The 1 -isomer prepared in Example 129 (1 .93 g) was confined with sufficient quantities of methyl iodide and ace- 
tonitrile. and the mixture was refluxed for 4 hours, then cooled and filtered to give 2.5 g of a light yellow, fluffy solid. The 
filtrate was evaporated, triturated with acetonitrile and filtered to give an additional 0.23 g; total yield 2.73 g (92.25%). 
20 UV and NMR analyses confirmed that the product had the structural formula: 



25 




EXAMPLE 133 

35 

Preparation of 1'n.4-DrhvdrD-1-methyl-3-ovridinvlcarbonyloxvmethvn>5-fluorouracil : 

The product of Example 132 (1 g) was dissolved in 20 mL of deionized water (degassed with argon) artd cooled in 
an ice-bath, then 20 mL of ethyl acetate were added. To the stin-ed solution, 1 .24 g of sodium bicarbonate were added. 
<o followed after about one minute with 1 .75 g of sodium dithionite. The reaction was allowed to proceed under argon and 
was monitored by UV. After approximately 75 minutes, ethanol was add#=d anc* e solid was filtered, washed with water 
and methylene chloride and dried under argon to give 400 mg of the title compound. UV and NMR analyses confirmed 
that the product had the structural formula: 



50 




The aqueous layer was repeatedly extracted with chloroform and cx)mbined with the ethyl acetate layer used in the reac- 
55 tion. The solid obtained after removal of the organic solvent was suspended in acetonitrile and filtered to give an addi- 
tional 250 mg of product melting at 1 73- 1 74*'C. 
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EXAMPLE 134 

Preparation of 3'(1-Methvl'3i>yrkiiniumcartonvtoxvmethvn-^ iodide : The 3-isomer prepared in Example 

131 can be subjected to the general procedur of Example 132 to 

afford the corresponding quaternary satt of the fomuila: 



EXAMPLE 135 

Preparation of 3-n.4-Dihvdro-1-methyl-3-pYridinylcarbonvloxvmethyl)-5-fluorouracil: 

The product of Example 1 34 can be subjected to the general procedure of Example 1 33 to afford the corresponding 
dihydropyridine of the formula: 



The parenteral formulations employed In the method of the present invention can be used to treat a variety of con- 
ditions, depending upon the pharmacological nature of the drug selected for administration. In the case of the redox car- 
rier-drugs, the pharmacological nature of the parent drug itself : *5-om wNch the carrier drug is derived will be 
determinative. Thus, with respect to the carrier-drugs, in one preferred embodiment the redox system is derived from 
dopamine or L-DOPA or a protected counterpart thereof, and the redox derivative/cyclodextrin parenteral formulation is 
thus designed to elicit a sustained and brain-specrfic dopaminergic (e.g. anti-Parkinsonism or anti-hyperprolactinemia) 
response in the animal to which the formulation is administered. In analogous fashion, the redox derivative/cyclodextrin 
parenteral formulation derived from any other centrally acting drug as defined herein is designed to elicit the kirxj of 
pharmacological response which would be otTtained by delivery of the drug itself to the brain, i.e. when the centrally act- 
ing parent drug is an antitunx)r/anticancer agent, the instant formulation is employed to elicit an antitumor/anticancer 
response: when the parent drug is a sympathetic stimulant, the instant formulation is used to elicit a sympathetic stim- 
ulant or arrphetamine-like response; when the parent drug is an anticonvulsant compound, the instant formulation is 
used to elicit an anticonvulsant resporise; when the parent drug is a trarx^uilizer, the instant formulation is used to elicit 
a tranquilizing response; when the parent drug is an antidepressant the instant formulation is used to elicit an antide- 
pressant response; and so forth. 

The parenteral formulations used in the method of the present invention contain a pharmacologically effective 
amount of at least one selected lipophilic and/or water-labile drug in an aqueous solution containing from about 20% to 
about 50% of a hydroxypropyl, hydroxyethyl. glucosyl, mahosyl or maltotriosyl derivative of p- or y-cydodextrin, prefer- 
ably of hydroxypropyl-O-cydodextrin. These formulations are sterile and pyrogen-free, and are prepared in accord with 
accepted pharmaceutical procedures, for example as described in Remington's Pharmaceutical Sciences, seventeenth 
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edition, ed. AHbnso R. Gennaro. Mack Pidfehing Company. Easton, Rft (1985). pp. 1518-1552. The aqueois sterile 
ir^ection solutiortt may further contain anti-oxidant8. buffers, bacteriostats, isotonidty adjusters and like additions 
acceptable for parenteral formulations. Various unit dose and multi^ose containers. e.g. sealed ampules arxi vials, may 
be used, as Is well-known In the art. The essential ingredients of the sterile parenteral formulation, i.e. the drug(s), water 

5 and selected cydodextrin. may be presented in a variety of ways, just so long as the solution ultimately adnrtinistered to 
the patienl contains th appropriate anrwurrts of the essential ingredients. Thus, for example, the drug/cydodex- 
trin^vater formulation may be presented In a mit dose or nruHi-dose container, ready for injection. As another example, 
a concentrated solution of drug/cydodextrinAraler may be presented in a strata container from a diluting liquid 
(water or cyclodextrin^vater) designed so that the contents can be combined to give a formulation containing appropri- 

10 ate amounts for injection. As another alternative, the drug or a drug/cyclodextrin combination may be provided in a 
freeze^ried condition in one container, while a separate container contains diluting Ik^uid (water or cyclodextrin/water, 
depending on the amount of cydodextrin in the other container), again designed so that the contents can be coml)ined 
to give a formulation containing the appropriate amounts of the esserrtial ingredients. In any event, the contents of each 
container will be sterile. 

15 Generally speaking, the therapeutic dosage ranges for administration of drugs in the parenteral formulations 
desaibed herein will be the same as or less than On some instances, substantially less than) those characteristically 
used fa administration of the drug Qgr (or. in the case of the carrier-dnjgs, of the parent drug spedes Qgr sg). Nat- 
urally, such therapeutic dosage ranges wilt vary with the size and spedes of the patient, the corxf ition for which the for- 
mulation is administered, the type of parenteral administration employed and the like. The quantity of given dosage form 

20 needed to deliver the desired dose of active ingredients will of course depend upon the concentration of the drug in the 
parenteral formulation. 

Claims 

25 Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, IT, U, LU, NL, SE 

1 . A parenteral drug formulation, the drug corrponent of which has a decreased tenderly to collect in the lungs or 
other organs due to precipitation at or near the injection site and/or in the lungs or other organs themselves folkTw- 
ing parenteral administration, said formulation comprising a lipophilic and/or water-labile drug in an aqueous solu* 

30 twn containing from 20% to 50% of a hydroxypropyl. hydroxyethyl, glucosyl, maltosyl or mattotriosyl derivative of p- 
or y-cydodextrin. said formulation being sterile and pyrogen -free. 

2. A parenteral drug formulation, the drug component of which has a decreased tendency to collect in the lungs or 
other organs due to precipitation at or near the injection site and/or in the lungs or otiier organs themselves foltow- 

35 ing parenteral administration, said formulation comprising a lipophilic and/or water-labile drug in an aqueous solu- 
tion containing from 20% to 50% of a hydroxypropyl, hydroxyethyl, glucosyl. maltosyl or maltotriosyl derivative of p- 
or y-cyciodextrin, said formulation being sterile and pyrogen-free, with the proviso that when the solution contains 
from 20% to 50% hydroxypropyl- p-cydodextrin then said drug is other than the reduced, biooxidizat^e, blood-brain 
barrier penetrating, lipoidal dthydropyridine form of a dihydropyridine c^pyridinium salt redox system for brain-tar- 

40 geted drug delivery 

3. A formulation according to Claim 1 or 2. wherein the aqueous solution is approximately isotonic. 

4. A formulation according to Claim 1 or 2, wherein said drug is an antineoplastic. 

45 

5. A formulation according to Claim 1 or 2, wherein said drug is a sedative, tranquilizer, anticonvulsant, antidepres- 
sant, hypnotic, muscle relaxant or antispasmodic. 

6. A formulation according to Claim 1 or 2, wherein said drug is an androgen, estrogen, progestin or anti-irrf lammatory 
50 steroid. 

7. A formulation according to Claim 1 or 2, wherein said drug is a steroidal hypnotic or anesthetic. 

8. A formulation according to Claim 1 or 2. wherein said drug is an anticoagulant, cardiotonic, vasodilator, vasocon- 
55 stridor, platelet inhibitor or anti-arrhythmic. 

9. A formulation according to Claim 1 or 2. wherein said drug is an antifungal, antiprotozoal, antibacterial, antibiotic or 
antiviral. 
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1 0. A tormulation according to Claim 1 or 2. wherein said drug is a vitamin/nutritional tactor. emetic, antiemetjc, diuretic, 
non-steroidal anti-inflammatory agent anesthetic, hypoglycemic, radiodiagnostic. cartx5nic anhydrase inhibitor, 
narcotic antagonist narcotic agonist, mixed narcotic agonist-antagonist, pharmacologically active protein, 
dopaminergic/anti-Parkinsonism agent or agent for treating Alzheimer's disease. 

11. A formulation according to Claim 4. wherein said drug is chlorambucil, lomustine. melphalan. methotrexate, hex- 
amethylmelamine. teniposide, etoposkJe. semustine, fazarabine. mercaptopurine..tiixjla2ole. canrofur. carmus- 
tine, amsacrine. bruceantin. diaziquone. didemnin B. echinomycin or PCNU; 

12- A formulation according to Claim 5, wherein said drug is a t>arbiturate or a benzodiazepine. 

13. A formulation according to Claim 5, wherein said drug is phenytoin, pentobarbital, phenobarbital. secot)arbitaI. 
sulpiride, etomidate. chlordiazepoxide. diazepam, medazepam, oxazepam or lorazepam. 

1 4. A formulation according to Claim 6. wherein said daig is dexamethasone, hydrocortisone, prednisolone, 1 7p-estrk- 
diol, 17a-ethynylestradiol. ethynylestradiol 3-methyi ether, estriol. norethindrone. norethindrone acetate, norg- 
estrel, ethisterone. mecb-oxyprogesterone acetate, progesterone, 17-methyltestosterone or testosterone. 

1 5. A formulation according to Claim 7. wherein said drug is atfaxalone. 

16. A formulation according to Claim 8. wherein said drug is dicumarol. digoxin. digrtoxin. nitroglycerin, flunarizine. 
alprostadii or prostacyclin. 

17. A formulation according to Claim 9. wherein said drug is arrpicillin. penicillin G, ketoconazole. itraconazole, metro- 
nidazole benzoate. miconacole, flubendazole or co-trimoxazoie. 

18. A formulation according to Claim 10, wherein said drug is retinol, vitamin A-acetate, cholecalciferol. retinal, an E. 
D or K vitamin, apomorphine. chlorthalidone, furosemide, spironolactone, indomethacin. piroxicam. flurbiprofen, 
acetazolamide. lidocaine. acetohexamide, dimenhydrinate, L-DOPA or THA. 

19. A formulation according to Claim 1 or 2. wherein said drug is the reduced. biooxidizat)le. Wood-brain tiarrier pene- 
trating, lipoidal dihydropyridtne form of a dihydropyridine t, pyrldinium salt redox system for brain-targeted drug 
delivery. 

20. A formulation according to Claim 19. wherein the aqueous solution is approximately isotonic. 

21. A formulation according to Claim 19, wherein said dihydropyridine form is a compound of the formula 

[D-DHC] 

wherein {D] is a centrally acting drug species a-.d [DhiCA is the reduced, biooxidizable. blood-brain barrier penetrat- 
ing, lipoidal form of a dihydropyridine =k pyridlnium salt redox carrier 

22. A formulation according to Claim 2i. wherein the centrally acting drug species is a dopaminergic agent, an andro- 
genic agent an anticonvulsant, an anxblytic agent, a neurotransmitter, an antibiotic or antibacterial agent, an anti- 
depressant, an antiviral agent, an anticancer or antitumor agent, an anti-inflammatory agent, an estrogen or a 
progestin. 

23. A formulation according to Claim 22, wherein the centrally acting drug species is dopamine, testosterone, pheny- 
toin, GAB A, valproic acid, tyrosine, methicillin, oxacillin, benzylpenlcillln. cloxaclliin. didoxacillin, deslpramine. acy- 
clovir, trrfluorothymidlne, zidovudine. hydroxy-CCNU. chlorambucil, tryptamine, dexamethasone. hydrocortisone, 
ethinyl estradiol, norethindrone. estradiol, ethisterone. norgestreL estrone, estradiol 3-methyl ether, estradiol ben- 
zoate, norethynodrel. mestranol. Indomethacin. naproxen, FENU. MENU or 5-FU. 

24. A formulation according to Claim 23, wherein the compound of the formula [D-DHC] is 1-methyl-3-{{N-{p-[3.4- 
bis(pivalyloxy)phenyI]etiiyl}cart)amoyl}}-1.4-dihydropyridine. 1-methyl-3-{N-[[p-(3,4-bis(isobutyryloxy)phe- 
nyf]ethylI]}carbarnoyl-1 ,4-dihydropyridlne. N-{p-[3,4-bls(pivalylaxy)phenyl]ethyl}amlnocart)onyloxymethyl 1 ,4-dlhy- 
dro-1-methyl-3-pyridinecarboxylate, 17p-[(1,4-dihydro-1-methyl-3-pyridinylcarbonyi)oxy]androst-4- n-3-one. 17p- 
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{[(3"<art)amoyH \4'<lihydropyridirTyOac»tyIJODcy}andr^ 5»5<iipheny*-3-I(1 '-methyt-l \4*-dihydropyri- 

din-3*-yI)carbonyloxyTTOthyO-2Ain^dazoWinedion 3-f3*K»rt)anrioyl-1\4'<lihydrt)pyridin-r-yOac^ 
5.5-diphenyl-2.4-irnidazolidinedione, 3-{3'-(3"-carbamoyl-1 ''.4"-dihydropyridin-1 "-yl)propionytoxymethyl]-5.S-dphe- 
nyl-2.4-imidazoiainedione» 1-nriethyl-3-N-[3-(berizy!oxycartxxiyOpropyOcart)an^ 1-methyl-3- 
{N4(3'-cydohexyi(»rtx)nyl)propyIDcarbarT^ ,4-dihydropyridine. 1-rnethyl-3-[2'-(2"-propyl)pentanoyiaxy]ethyic^^ 
banioyl-1.4-dihytJroi:yridine, vrnethy»-3-[2'-(2"i)ropyl)pentarH)ytoxy)ethaxycart» l-{2'-(2'*- 
propyOpentanoyloxy)ethyl-3-cartxxcanrKJe- 1 .4-dihydror^ridine, 1 -methyl-34N-[{1 •-ethaxycartx)nyl)-2"-(4"i)ivaJoy- 
loxyphenyl)ethyl]}carbamoyl-1 ,4-dihytfropyridine. 1 -methyl-3^(N-[(r-ethoxycartx)nyI)-2 -(4"HSobii^ 
nyl)ethylJ)carbamoyt-1.4-dihy«lropyridine, [[(1.4<iihydro-1-methyl-3-pyridinyOcartX)nynoxy]met^ [2S-(2a.5a,6p)]- 
3.3-dimethyl-7KWO-64(2.6<lim8thoxy)berKanrBdo]-4-W [[(1,4-dihydro- 
1 -methyl-3-pyridinyOcartx)nyl]oxy]methyl [2S-(2a,5a,6p)-3,3-dimethyl-€-(5-mothyl-3-phenyl-4-isoxazo!Gcartx)x^ 
ido)-7-oxo-4-thia- 1 -a2abicydo[3.2,0]heptane-2-cartx)xyiate, [[(1 .4-dihydro-1 -methyl-3-pyridinyl)cartx>- 

nyfjoxyjmethyl [2S-(2a.5a,6P)]-3.3<Jimethyl-7-oxo-6-[{phenylacetyl)amino]-4-thia-1-^ 
cartx)xytate g{\ ,4-dihydro- 1 -methyl-3i3yridinyl)cartX5nyI}oxy]methyl [2S-(2a,5a,6p)]-6-I3-(2-chIoropheny1)-5- 
methyl-4HSOxa2oIecarboocanr«don-3,3KJimelhyl-7-axo-4-thi^ 1 •a2abicyclo[3.2.0]heptane-2-carlDoxyiate, [[(1 .4-dihy- 
dro-1-methyl-3-pyridinyl)cai1x)nylloxy]melhyi (2S-(2a,5a.6W]-6-[3K2.6-dichIorophenyI)-5-methyl-4-isoxa20lecar- 
boxamido]-3,3<jiTOlhyl-7Kixo-4-tfiiaO-azabk:ydot3.2.0]heptane-2Kai^ I{N-[3-{10.11-dihydro-5H- 
diberute,gazepin-5-yl)]propyl-N-methylamino}cartx)nyloxy]metlTyl 1 .4-dihydro-1 -methyl-3-pyridinecartx)xylate, [1 - 
{N-{3-(1 0. 1 1 -dihydro-SHKlibenzfeflazepin-S-ylWpropyl-N-methylaminolc^ 1 .4-dihydro-1 -methyl-3- 

pyridinecarboxylate, 1 -methyl-3-{[2-(9-guanylmethQxy)ethoxy]carborTyl}-1 ,4-dihydropyricfine. 3'-(1 .4<lihydro-1 - 
methyi-3-pyridiny(carbonyi)-5'i3ivaloyltrif luorothymidinG, 3*-a2ido-3'-deoxy-5*-(1 -methyI-1 .4-dihydro-3-pyridinyl)car- 
bonyOthymidine, N-(2-chloroethyl)-N'-{4-(l ,4-dihydro-l -methyI-3-pyiidinecarbonyloxy)cyc!ohexylJ-N-nrtrosourea. 
N-(2-fluoroethyl)-N'-[2-(1,4-dihydro-1-methyl-3-pyridinecarbonylaxy)ethyQ-N^ N-(2-chloroethyi)-N*-[2- 
(1,4-dihydro-1-methyl-3-pyridinecarbonyloxy)ethyi)-N-nitrosourea. 1-methyl-3-[(N-{2-(4-({4-[bis(2-chloroe- 
thyl)lamirx5)phenyl)butanoyloxy]ethyt))carbarnoyl]-1.4KJihydrop^ 1-methyl-3-(N-{4-(4-(4-{[bis(2-chloroe- 
thyl)lamino}phenyl)butanoyloxy]cyclohexyl}carbamoyl)-1 ,4-dihydropyridine. : 1 -methyl-3-I(N-{2-[4-({4-bis(2- 

chtoroethyO]amino}phenyl)butanoyloxy]propyl))carbamoyl]-1 ,4<lihydropyridine, 1 -mefthyl-3-((N-{2-phenyi-2-({4- 
[bis(2<;hloroethy01amirK))phenyl)butanoytoxy)lethyl)carbarrK)yQ 1-methyl-3-^N-({1-[4-(4- 
{(bis{2-cWoroethyl))amino}phenyl)butarK)yloxy}cyclohexyl}methyl)carbamo^^ .4-dihydropyricfine. 1 -methyl-3-N-(2- 
(3-indolyOethyl]carbamoyl-1 ,4-dihydropyridine, 9-fluoro-1 ip,17<lihydroxy-16a-methyl-21 -{[(1 -methyl -1 ,4-dihydro- 
pyridin-3-yI)carbonyl]oxy)pregna-1 ,4-diene-3.20-dione. 1 1 p, 1 7-dihydroxy-21 -{[(1 -methyl- 1 ,4-dihydropyridin-3- 
yl)carbonyl]oxy}pregn-4-ene-3.20-dione. 3-hydroxy-1 7p-[( 1 -methyl- 1 ,4-dihydropyrldin-3-yl)carbonyl]oxyestra- 
1,3,5(10)-triene. 3-hydroxy-17p-{[1-methyl-1,4KJihydropyrklin-3-yl)carbonyl]oxy}-19-nor-17a^^ 
trien-20-yne. 3-[(1 -methyl-1 .4-dihydrO'3-pyridinyl)cartx)nyioxy]estra-1 ,3,5(1 0)-trien-1 7-one. 1 7p-[(1 -methyl-1 .4- 
dihydro-3-pyridinyOcarbonyiaxy]estra-l.3,5(10)-trien-3-ol 3-methyl ether. 3»17p-bis-{l(1 -methyl-1 ,4-dihydropyrrdin- 
3-yl)carbonyl]oxy}estra-1 .3,5(1 0)-triene. 3-(phenylcart)onyloxy)-1 7p-{[(1 -methyi-1 .4-dihydropyridin-3-yl)cartx)- 
nyI]oxy}estra-1 ,3,5(10)-triene, 3-methoxy-1 7p-{[1-methyl-1 .4-dihydropyridin-3-yl)cartx)nyt]oxyl-19-nor-1 7a- 

pregna- 1 ,3,5(1 0)-triene-20-yne, 1 7p-{[(1 -methyl- 1 .4-dihydropyridin-3-yt)cart)onylJoxy}-1 9-norpregn-4-€n-20-yn-3- 
one. 17p-{[(1-methyl-1.4-dihydropyridin-3-yl)ca)tx)riylJaxy}pregn-4-en-20-yn-3-one. 13-ethyl-17p-{[(1 -methyl-1 ,4- 
dihydropyridin-3-yi)cartx)nyI]Qxy)-18,19-dinorpregn-4-en-20-yn-3-one, 1 7p-{[(1 -methyl- 1. 4-dihydropyridin-3-yt)car- 
bonyl]oxy}-19-norpregn-5(10)-en-20-yn-3-crif». 1-methyl-3-[N-(2-{1-(p-chlorobenzoyl)-5-methoxy-2-methyl-3- 
indolyl]acetoxy)ethyl)carbamoyl]-1,4-dihydropyridine, 1-methyl-3-{N-(2-(6-methoxy-a-methyl-2-naphthalenylace- 
toxy)ethyl]carbamoyl-1 .4-dihydropyridine. 3-(1 ,4-dihydro-1 -methyl-3-pyr»dinyicartx)nyloxymethyl)-5-f luorouracil or 
1-(1.4-dihydro-1-methyl-3-pyridinecarbonyloxymethyt)-5-fluorouracil. 

25. A formulation accordirig to any one of Claims 1 to 18. wherein the solution contains from 20% to 50% hydroxypro- 
pyl-p-cyclodextrin. 

26. A formulation according to Claim 1 . wherein said drug is the reduced, biooxidtzabie. blood-brain barrier penetrating, 
lipoidal dihydropyridine form of a dihydropyridine pyridintum salt redox system for brain-targeted drug delivery, 
and wherein the solution contains from 20% to 50% hydroxypropyl-p-cyclodextrin. 

27. An aqueous drug formulation conprising a lipophilic and/or water-labile drug in an aqueoi^ solution containing 
from 20% to 50% of a hydroxypropyl, hydroxyethyl. glucosyt. maltosyl or maltotriosyl derivative of p- or ycyclodex- 
trin for use in preparing a pharmaceutical composition for parenteral administration, the drug in said composition 
having a decreased tendency to collect in the lungs or other organs due to precipitation at or near the injection site 
and/or in the lungs or other organs themselves following parenteral administration. 
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28- An aqueous drug formulation comprising a lipophilic and/or water-lstoile drug in an aqueous solution containing 
from 20% to 50% of a hydroxypropyl, hydroxyethyl. glucosyl. matosyt or maltotriosyl derivative of p- or rcyclodex- 
trin for use in preparing a pharmaceutical composition for parenteral administration, the drug in said composition 
having a decreased tendency to collect in the lungs or other organs due to precpitation at or near the injection site 
5 and/or in the lungs or other organs themselves following parwiteral administration, with the proviso that when the 
solution contains from 20% to 50% hydroxypropyl-p-cyclodextrln. then said dmg is other than the reduced, biooxi- 
di2al)le, blood-brain barrier penetrating, lipoidal dihydropyridine form of a dihydropyridine pyridiniumsalt redox 
system for brain-targeted drug delivery. 

10 29. A fomuilation for use accorcfing to Claim 27 or 28. wherein the aqueous solutiori is approximately isotonic. 

30. An aqueous drug formulation comprising a lipophilic and/or water-labile drug in an aqueous solution containing 
from 20% to 50% of a hydroxypropyl. hydroxyethyl. glucosyl. maKosyl or maHotriosyl derivative of p- or rcyclodex- 
trin for use in preparing a pharmaceutical composition for parenteral administration, the drug in said conrposition 

IS having a decreased tendency to collect in the lungs or other organs due to precpitation at or near the injection site 
and/or in the lungs or other organs themselves following parenteral adrrtnistration, said composition being sterile 
and pyrogen-free. 

31. An aqueous drug formulation comprising a lipophilic and/or water-labile drug in an aqueous solution containing 
20 from 20% to 50% of a hydroxypropyl. hydroxyethyl. glucosyl. maltosyl or maltotriosyl derivative of p- or rcyclodex- 

trin for use in preparing a pharmaceutical composition for parenteral administration . the drug in said composition 
having a decreased tendency to collect in the lungs or other organs due to precpitation at or near the injection site 
and/or in the lungs or other organs thenrtselves folfowing parenteral administration, said composition being sterile 
and pyrogen-free, with the proviso that when the solution contains from 20% to 50% hydroxypropyl-p-cyclodextrin, 
25 then said drug is other than the reduced, biooxidizable, blood-brain barrier penetrating, lipoidal dihydropyridine 
form of a dihydropyridine n pyridinium salt redox system for brain-targeted drug deliva-y 

32. A formulation for use according to Claim 30 or 31. wherein the aqueous solution is approximately isotonic. 

30 33. A formulation for use according to any one of Claims 27-32. wherein said drug is as defined in any one of Claims 
4-18. 

34. A formulation for use according to any one of Claims 27-32. wherein said drug is as defined in any one of Claims 
19 and 21 -24. 

35 

35. A formulation for use accorcfing to any or>e of Claims 27-33. wherein the solution contains from 20% to 50% hydrox- 
ypropyl-p-cyclodextrin. 

36. A formulation for use according to Claim 27 or 30. wherein said drug is the reduced, biooxidizabte. k)lood-braln bar- 
40 rier penetrating, lipoidal dihydropyridine form of a dihydropyridine « pyridinium salt redox systeni for brain-targeted 

drug delivery, and wherein the soljtion conJains from 20% to 50% hydroxypropyl-p-cydodextrin. 

Claims for the following Contracting States : ES, GR 

45 1. A process for preparing a parenteral drug formulation, the drug conponent of which has a decreased tendency to 
collect in tiie lungs or other organs due to precipitation at or near the injection site and/or in the lungs or other 
organs themselves following parenteral administration, said process comprising fornmiiating a lipophilic and/or 
water-labile drug in an aqueous solution containing from 20% to 50% of a hydroxypropyl. hydroxyethyl, glucosyl. 
maltosyl or maltotriosyl derivative of p- or ^-cyclodextrin under conditions such that said formulation is sterile and 

50 pyrogen-free. 

2. A process for preparing a parenteral drug formulation, the drug conponent of which has a decreased tendency to 
collect in the lungs or other organs due to precipitation at or near the injection site and/or in the lungs or other 
organs themselves following parenteral administration, said process comprising formulating a lipophilic and/or 
55 water-labile drug in an aqueous solution containing from 20% to 50% of a hydroxypropyl. hydroxyethyl. glucosyl. 
maltosyl or maltotriosyl derivative of p- or y-cyclodextrin under conditions such that said formulation is sterile and 
pyrogen-free. with the proviso that when the solution contains from 20% to 50% hydroxypropyl-p-cyclodextrin, then 
said drug is oth r than the reduced. bioGxidizat>le, blood-brain barrier penetrating, lipoidal dihydropyridine form of 
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a dihydropyridine »pyndinium salt redox system for brain-targeted drug defivery. 

3. A process according to Claim 1 or 2. wherein the aqueous solution is appraxtmately isotonic. 

5 4. A process according to Qaim 1 or 2. wherein said drug is an antineoplastic. 

5. A process according to Qaim 1 or 2, wherein said drug is a sedative, tranquilizer, anticonvulsant, antidepressant, 
hyionotic, muscle relaxant or antispasmodic. 

w 6. A process according to Claim 1 or 2. wherein sad drug is an androgen, estrogen, progestin or anti-inflanvnatory 
steroid. 

7. A process accading to Claim 1 or 2. wherein said drug is a steroidal hypnotic or anesthetic 

15 8. A process according to Claim 1 or 2. wherein said drug is an anticoagulant, cardiotonic, vasodilator, vasoconstric- 
tor, platelet inhibitor or arrti-arrhythmia 

9. A process according to Claim 1 or 2. wherein said drug s an antifungal, antiprotozoal, antibacterial, antibiotic or 
antiviral. 

20 

10. A process according to Claim 1 or 2. wherein said drug is a vitamin/nutrrtional factor, emetic, antiemetic, diuretic, 
non-steroidal anti-inflammatory agent anesthetic, hypoglycemic, radiodiagnostic, carbonic anhydrase inhibitor, 
narcotic antagor^st narcotic agonist, mixed narcotic agonist-antagonist, pharmacologically active protein. 
dopaminergic/anti-Parkinsonism agent or agent for treating Alzheimer's disease. 

25 

11. A process according to Claim 4. wherein said drug is chlorantxidl. lomustine. melphalan, methotrexate, hexame- 
thylmelanr^ne, teniposide. etoposide. semustine, fazarabine. mercaptopurine. tubulazole, carmofur. carmustine, 
amsacrine. bruceantin, diaziquone. didemnin B. echinomydn or PCNU. 

30 12. A process according to Claim 5, wherein said drug is a barbiturate or a benzodiazepine. 

13. A process according to Claim 5, wherein said drug is phenytoin. pentobart>ital. phenobarbital, secobarbital, sulpir- 
ide, etomidate. chiordiazepoxide, diazepam, medazepam, oxazepam or lorazepam. 

35 14. A process according to Claim 6, wherein said drug is dexamethasone, hydrocortisone, prednisolone. 1 7p-estradiol, 
17a-ethynylestradiol, ethynylestradiol 3-methyl ether, estriol, norethindrone, norethindrone acetate, norgestrel. 
ethisterone. medroxyprogesterone acetate, progesterone, 17-methyltestosterone or testosterone. 

15. A process according to Claim 7. wherein said drug is atfaxalone. 

40 

16. A process according to Claim d iv/hereir. vaid drug is dicumarol, digoxin. digitoxin, nitroglycerin, fiunarizine. alpros- 
tadil or prostacyclin. 

17. A process according to Claim 9. wherein said drug is anptcillin, penidllin G. ketoconazole, itraconazole, metroni- 
45 dazole benzoate, miconacole. flubendazole or co-trimoxazole. 

18. A process according to Claim 10. wherein said drug is retinol. vitamin A-acetate. cholecalciferol. retinal, an E. D or 
K vitamin, apomorphine, chlorihalidone, furosemide. spironolactone, indomethacin. piroxicam, flurbiprofen, aceta- 
zolamide, lidocaine. acetohexamide. dimenhydrinate, L-DOPAor THA. 

so 

19. A process according to Claim 1 or 2, wherein said drug is the reduced, biooxidizable, blood-brain banier penetrat- 
ing, tipoidal dihydropyridine form of a dihydropyridine ^ pyridinium salt redox system for brain-targeted drug deliv- 
ery. 

55 20. A process according to Claim 19. wherein the aqueous solution is approximately isotonic. 

21. A process according to Claim 19, wherein said dihydropyridine form is a compound of the formula [D-DHC] 
wherein [D] is a centrally acting drug species and [DHC] is the reduced, biooxidizable, Wood-brain barrier penetrat- 
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ing, lipotdal form of a dihydropyrkJine ^ pyridinium satt redox carrier. - 

22. A process according to Claim 21 . wherein the centrally acting drug species is a dopaminergic agent, an androgenic 
agent, an anticonvulsant an anxiolytic agent, a neurotransmitter, an arrtibiotic or antit)acterial agent an antidepres- 
sant an antiviral agent an anticancer or antitumor agent, an anti-inflammatory agent, an estrogen or a progestin. 

23. A process according to Claim 22. wherein the centrally acting drug species rs dopamine, testosterone, phenytoin. 
GABA. valproic add. tyrosine, methicillin. oxacillin, benzyipeniciilin. claxacillin. dicloxadiiia desipramine. acydovir. 
trifluorothymidine. zidovudine. hydroxy-CCNU. chlorambudl. tryptamine. dexamethasone. hydrocortisone. etNnyl 
estradiol, norethindrone. estradiol, ethisterone, norgestrel. estrone, estradiol 3-n%thyl ether, estradiol benzoate. 
norethynodrel. n^estranol. indomethacin, naproxen, FENU. MENU or 5-FU. 

24. A process according to Claim 23, wherein the compound of the formula [D-DHC] is 1-methyi-3-{{N-{p-[3,4-t)is(piva- 
lyloxy)phenylJethyl}cart5anTOylJ}-1 .4-dihydropyridine, 1 -methyl-3-{N-[[p-[3,4-bi6{isobutyryloxy)phenyl]ethylJ]}car- 
banx)yl-1 ,4-dihydropyridine. N-{p-[3,4-bis(pivaly!axy)phenyI]ethyl}aminocartx>nylcxymethy! 1 .4-djhydro-1-methyl-3- 
pyridinecartxjxylate, 1 7p-[( 1 .4-dihydro-1 -methyi-3-pyridinyIcarbonyl)oxy]androst-4-en-3-one, 1 7p-{[(3"-cart>amoyl- 
V,4*-dihydropyridinyl)acety1]oxy}androst-4-en-3-one. 5.5-diphenyl-3-[(V-methyl-V.4'-dihydropyridin-3'-y!)carbony- 
loxyn^thyI]-2,4-imidazolidinedione. 3-[3'-cart)amoyl-1 \4'-dihydropyridin-l '-yl)acetyloxymethyI]-5.5-diphenyl-2.4- 
imidazolidinedbne. 3-(3'-(3**-cart)amoyl-1 '',4**-dihydropyridin-1 •'-yl)propionyloxymethyl]-5,5-diphenyl-2,4-lmidazoli- 
dinedione, 1-methyl-3-N-[3*(benzyloxycarbonyl)propyOcart)amoyl-1 .4-dihydropyridine, 1-methyI-3-{N-[(3 -cyclohex- 
ylcartx)nyl)propyi]}cart>amoyl-1 .4-dihydropyridine. 1 -methyl-3-I2'-(2"iDropyi)pentanoyloxy]ethylcart)amoyl-1 .4- 
dihydropyridine. 1-methyl-3-[2*-(2"-propyl)pentanoyloxy]ethoxycartx)nyM ,4-dihydropyridine. 1 -[2*-(2"iXopyl)pen- 
tanoyioxy]ethyl-3-cartxixamide-1 .4-dihydropyridine. 1 -methyl-3-{N-[(1 •-ethoxycartx)nyl)-2 -(4"-pivaloyloxyphe- 
nyOethyl]}cart>amoyl-1 .4-d(hydropyridine, 1 -methyl-3-{N-[(1 *-ethoxycartx)nyl)-2*-(4"- 
isobutyryloxyphenyl)elhylj}carbamoyl-1 ,4-dihydropyridine. [1(1 .4-dihydro-1 -methyl-3-pyridinyI)cartx)nyl]oxy]methyl 
{2S-(2a.5a,6p)]-3.3-dimethyl-7<ao-6-[(2.6-d(methoxy)benzamido]-4-thia-1-azabicyclol3.2.0 

late. [[(1 .4-dihydro-1 -methyl-3-pyridinyi)cartx)nyOoxy]methyl [2S-(2a,5a,6p)-3.3-dimethyi-6-(5-methyl-3-phenyl-4- 
lsoxa2olecartx>xamido)-7-Qxo-4-thia-1 -azabicyclo(3.2.01heptane-2-cartxixylate, [[(1 .4-dihydro-1 -methyl-3-pyridi- 
nyl)carbonyOQxy]methyl [2S-(2a,5a.6p)]-3.3-dimethyl-7-oxo-6-[(phenylacetyl)amino]-4-thia-1-azabicy- 
clo[3.2.0]heptane-2-carboxylate. [[{1 .4-dihydro-1-methyl-3-pyridinyl)cart3onyi]oxy]methyl [2S-(2a.5a.6p)]-6-[3-(2- 
chlorophenyl)-5-methyl-4-isoxazolecarboxamidoO-3.3-dmethyl-7-oxo-4-thia-1-azabicyclo{32.0]heptane-2-^ 
ylate, [[(1 .4-dihydro-1-methyl-3-pyridinyl)carbonyl]oxy]methyl [25-(2a.5a.6p)]-6-(3(2.6-dichIorophenyl)-5-methyl-4- 
isoxazolecartxsxamido]-3.3-dimethyl-7-oxo-4-thia-l-azabicydo[3.2.0]heptane-2-carboxylate. [{N-[3-(10.11-dihy- 
dro-5M-dibenz[l2,fJazepin-5-yl)]propyl-N-methylamino)carbonyloxy]methyl 1 .4-dihydro-1 -methyl-3-pyridinecartx)xy- 
late. (1 -{N-t3-{1 0. 1 1 <lihydro-5H-dibenz[fcflazepin-5-yl)lpropyl-N-methyianr^no}cartx>nyloxy]ethyl 1 .4-dihydro-1 - 
methyl-3-pyridinecartX)xylate, 1 -methyl-3-{I2-(9-guanyimethoxy)ethoxy]cartx)nyl}- 1 .4-dihydropyridine, 3'-(1 ,4-dihy- 
dro-1 -methyl-3-pyridinylcarkxxiyl)-5*-pivaloyltrif luorothymidine. 3'-azido-3'-deoxy-5*-{1 -methyl-1 .4-dihydro-3-pyridi- 
nyl)cart>onyl]thymidine, N-(2-chtoroethyi)-N'-[4-(1.4-di hydro- 1-methyl-3iDyridinecart)onyloxy)cyclohexyt]-N- 

nitrosourea, N-(2-fluoroethyi)-N*-[2-(1.4Kiihydro-1-methyi-3-pyridinecart»onyloxy)ethy!]-N-nrtrosourea, N-(2-chlo- 
roethyl)-N'-[2-(1 ,4-dihydro-1 -methyl-3-pyridinecarbonyloxy)ethyl]-N-nitrosourea. 1 -methyl -3-[(N-{2- [4-({4-[bis(2- 
chloroethyOJanrrinolphcnyljbut^MniyloxylethyiDcarbamoylJ-l, 4-dihydropyridine, 1-methyt-3-(N-{4-[4-(4-{[bis(2-chlo- 
roethyl)]amino)phenyl)butanoyloxy]cydohexyl}cart5anx)yl)-1,4-dihydropyrldine. 1 -methyl-3-[(N-{2-(4-({4-bis(2- 
chloro-ethyl)]amino}phenyI)butanoyioxy]propyl))carbamoy^]-1.4-dihydropyridine, 1-methyl-3-[(N-{2-phenyl-2-({4- 
[bis{2-chloroethyl)]amino}phenyl)butanoyloxy]}ethyl)carbamoy(J- 1 ,4-dihydropyridine, 1 -methyl-3-[N-{{1 -[4-(4- 
{[bis(2-chloroethyl)lamino}phenyl)butanoyloxy]cyclohexyl)methyl)carbamoyf]-1 .4-dihydropyridine, 1 -methyl-3-N-{2- 
(3-indolyI)ethyl]cart)amoyl-1, 4-dihydropyridine. 9-f luoro- lip, 17-dihydroxy-1 6a-methyl-2l-{[(1 -methyl- 1.4-dihydro- 
pyridin-3-yl)cartx)nyl]oxy}pregna-1 ,4-diene-3.20-dione. 1 1 p,1 7-dihydroxy-21 -{[( 1 -methyl-1 ,4-dihydropyridin-3- 
yl)carbonyl]oxy}pregn-4-ene-3,20-dione, 3-hydroxy-1 7p-[(1 -methyl-1 ,4-dihydropyridin-3-yl)cartx>nyi]oxyestra- 
1,3.5(10)-triene, 3-hydrQxy-17p-{[1 -methyl- 1.4-dihydropyridin-3-yl)cartx)nyQoxy}-19-nor-17a-pregna- 1,3.5(1 0)- 
trien-20-yne. 3-[(1 -methyl-1 .4-dihydro-3-pyridinyl)cartK)nyloxy]estra-1 ,3.5(1 0)-trien-1 7-one. 1 7p-[(1 -methyi-1 .4- 
dihydro-3-pyridinyl)cart)onyloxy]estra-1 ,3.5(20)-trien-3-ol 3-methyl ether. 3.17p-bis-{{{1 -methyt-1 ,4-dihydropyridin- 
3-yl)cartx)nyI]oxy}estra-1 ,3.5(1 0)-triene, 3-(phenylcartx)nyloxy)-1 7p-{[(1 -methyl-1 ,4-dihydropyridin-3-yl)carbo- 
nyOoxy}estra-1 .3,5(1 0)-triene, 3-methoxy-1 7p-{[1 -methyi-1 ,4-dihydropyridin-3-yl)cart>onyI]oxy}-1 9-nor-1 7a- 

pregna-1. 3.5(1 0)-triene-20-yne, 17p-{[(1 -methyl- 1.4-dihydropyridin-3-yi)cart>onyOoxy}-19-norpregn-4-en-20-yn-3- 
one, 1 7p-{[(1 -methyl-1 ,4-dihydropyridin-3-yl)carbonyl)oxy}pregn-4-en-20-yn-3-one, 13-elhyl-1 7p-{[(1 -methyl-l ,4- 
dihydropyridin-3-y1)carbonyl]oxy}-18,19<iinorpregn-4-en-20-yn-3-one, 17p-{[(1 -methyl- 1,4-dihydropyridin-3-yl)car- 
bonyljoxy}- 1 9-norpr egn-5(1 0)-en-20-yn-3-one, 1 -methyl-3-[N-(2-{1 -(p-chlorobenzoyl)-5-methoxy-2-methyl-3- 
indolyl]acetoxy)ethyl)carbamoyl]-1, 4-dihydropyridine, 1-methyl-3-{N-[2-(6-methoxy-a-methyl-2-naphthalenylace- 
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tOKy)ethyOcart)amoyl-1.4-<Shydropyridin . 3^1,4<fihydro-1-methyI-3i)yrkJinylcartx)ny!axy^^ rouradl or 

HI .4^hydro-1 -memy*-3ijyrkJinecart^^ 

25. A process aocorcfing to arty one of Claims 1 to 18, wherein the solution contains from 20% to 50% hydroxypropyl- 
5 p-cydodextrin. 

26. A process according to Claim 1, wherein said drug is the reduced, biooxidizable. l)lood-brain barrier penetrating, 
lipoldal dihydropyridine form of a dihy<iropyndine « pyridinium salt redox systern lor brain-targeted drug delivery, 
and wherein the solution contains from 20% to 50% hydroxypropyl-p-cyclodextrin. - 

10 

27. A process for preparing a pharmaceutical composition *w parenteral administration, which comprises formulating 
an aqueous drug formulation comprising a lipophilic and/or water-labile drug in an aqueous solution containing 
from 20% to 50% of a hydroxypropyl, hydroxyethyi. glucosyl. maltosyl or maltotriosyl derivative of p- or rcydodex- 
trin, whereby the drug in said composition has a decreased tendency to collect in the lungs or other organs due to 

15 precipitation at or near the injection site and/or in the lungs or other organs themselves following parenteral admin- 
istration. . 

28. A process for preparing a pharmaceutical compositbn for parenteral administration, which comprises formulating 
an aqueous drug formulation comprising a lipophilic and/or water-labile drug in an aqueous solution containing 

20 from 20% to 50% of a hydroxypropyl, hydroxyethyi. glucosyl. maltosyl or maltotriosyl derivative of or y-cydodex- 
trin. whereby the drug in said composition has a decreased tendency to collect in the lungs or other organs due to 
precipitation at or near the injection site and/or in the lungs or other orgar^ themselves following parenteral admin- 
istration, with the proviso that when the solution contains from 20% to 50% hydroxypropyl-p-cyclodextrin, then said 
drug is other than the reduced, biooxidizable. blood-brain barrier penetrating, lipoidal dihydropyridine form of a 

25 dihydropyridine n pyridinium salt redox system for brain-targeted drug delivery. 

29. A process according to Claim 27 or 28. wherein the aqueous solution is approximately isotonic. 

30. A process for preparing a pharmaceutical conposrtion lor parenteral administration, which comprises formulating 
30 an aqueous drug formulation corrprising a lipophilic and/or water-lat)ile drug in an aqueous solution containing 

from 20% to 50% of a hydroxypropyl, hydroxyethyi. glucosyl, maltosyl or maltotriosyl derivative of p- or y-cydodex- 
trin. whereby the drug in said composition has a decreased tendency to collect in the lungs or other organs due to 
precipitation at or near the injection site and/or in the lungs or other organs themselves following parenteral admin- 
istration, under conditions such that saki composition is sterile and pyrogen-free. 

35 

31 . A process fa preparing a pharmaceutical conrposition for parenteral administration, which corrprises formulating 
an aqueous drug formulation conprising a lipophilic and/or water-labile drug in an aqueous solution containing 
from 20% to 50% of a hydroxypropyl. hydroxyethyi, glucosyl. maltosyl or maltotriosyl derivative of p- or y-cydodex- 
trin, whereby the drug in said composition has a decreased tendency to collect in the lungs or other organs due to 

40 predpitation at or near tiie injection site and/or in the lungs or other organs themselves following parenteral admin- 
istration, under conoitions s^j'i that said composition is sterile arxj pyrogen-free, with tiie proviso that when the 
solution contains from 20% to 50% hydroxypropyt-p-cydodextrin. then said drug is other than the reduced, biooxi- 
dizat^e, blood-brain t>an'ier penetrating, iipoidat dihydropyridine form of a dihydropyridine ^ pyridinium salt redox 
system for brain-targeted drug delivery. 

45 

32. A process according to Claim 30 or 31 , wherein the aqueous solution is approximately isotonic. 

33. A process according to any one of Gaims 27-32. wherein said drug is as defined in any one of Claims 4-18. 

so 34. A process according to any one of Gaims 27-32, wherein said drug is as defined in any one of Claims 19 and 21 - 
24. 

35. A process according to any one of Claims 27-33, wherein the solution contains from 20% to 50% hydroxypropyl-p- 
cydodextria 

55 

36. A process according to Claim 27 or 30, wherein said drug is the reduced, biooxidizable. blood-brain barrier pene- 
trating, lipoidal dihydropyridine form of a dihydropyridine ^ pyridinium salt redox system for brain-targeted drug 
delivery, and wherein the solution contains from 20% to 50% hydroxypropyl-p-cydodexto-in. 
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PatentansprOche 

PatentansprOch fur folg nde Vertragsstaaten : AT, BE, CH, DE, FR, GB, IT, U, LU, NL, SE 

1. Parenterale Araneimittelformulierung, deren Arzneimittelbestancfteil eine venringerte Neigung aufweisl, sich nach 
parenteraler Verabreichung in den Lungen od r in anderen Organen auf Grund iner Failure an oder nahe der 
If^eWionsstelle und/oder in den Lungwi Oder in anderen Organs selbst anzusammein, welche Fbrmdierung ein 
lipophiles und/oder wasserempfindllches ArzneinrMtte! in einer wftsserigen Lftsung umfaBt die von 20% bis 50% 
etnes Hydroxypropyl-. Hydroxyethy!-, Glucosyl-. Maltosyl- oder Maltotriosylderivates von oder y-Cydodextrin ent- 
hdft. wobei die Forntulierung steril und pyrogenfrei ist 

2. Parenterale ArzneiniitteHormulierung. deren Ar2neimittelbestandt«l eine verringerte Neigung aufweist. sich nach 
parenteraler Verabreichung in den Ijungen oder in anderen Organen auf Grund einer Failung an oder nahe der 
Ir^ektionsstelle und/oder in den Lungen oder in anderen Organen selbst anzusammein, welche Formulierung ein 
lipophiles und/oder wasserempf indiiches Arzneimittel in einer wftsserigen Lftsung umfaBt. die von 20% bis 50% 
eines Hydroxypropyl-. Hydroxyethyl-, Gucosyl-. Maltosyl- oder Maltotriosylderivates von p- oder T-Cydodextrin ent- 
hait, wobei die Formulierung steril und pyrogenfrei ist. mit der MaBgabe, daB. wenn die LGsung von 20% bis 50% 
Hydroxypropyl-p-cydodextrin enthait. das Arzneimittel ein anderes alsdie reduzierte. biooxidierbare, die Blut/Hirn- 
Schranke durchdringende. lipoide Dihydropyridinform eines Dihydropyridin <-> Pyridinlumsalz-Redoxsystems fQr 
die gezlelte Abgabe eines Arzneimittets an das Gehirn ist. 

3. Formulierung nach Anspruch 1 oder 2, in der die wasserige LOsung ungefahr isotonisch ist. 

4. Fornuilierung nach Anspruch 1 oder 2. in der das Arzneimittel ein Antikrebsmittel ist. 

5. Formulierung nach /Vnspruch 1 oder 2, in der das Arzneimittel ein Sedativum. ein Beruhigungsntittel, ein krampf- 
linderndes Mittel. ein Antidepressivum. ein Hypnotikum, ein Muskelrelaxans oder ein Spasmolytikum ist 

6. Formulierung nach /^spruch 1 oder 2, in der das Arzneimittel ein Androgen, ein Gstrogener Stoff, ein Progestin 
Oder ein entzundungshemmendes Steroid ist. 

7. Formulierung nach Anspruch 1 oder 2. in der das Arzneimittel ein hypnotisches oder anasthetisches Steroid ist. 

8. Formulierung nach Anspruch 1 oder 2, in der das Arzneimittel ein gerinnungshemmendes Mittel. ein Kardiotoni- 
kum. ein Vasodilator, ein Vasokonstriktor, ein Piattcheninhibitor oder ein Antiarrhythmie-Mittel ist. 

9. Formulierung nach Anspruch 1 oder 2, in der das Arzneimittel ein Antipilzmittel, ein Antiprotozoenmittel, ein anti- 
bakterielles Mittel. ein Antibiotikum oder ein Arrtivirusmittel ist. 

10. Formulierung nach Anspruch 1 oder 2, in der das /^neimittei ein Vitamin/Ernahrungsfaktor. ein Emetikum. ein 
Antiemetika^n. ein D jretikum. ein nichtsteroidales entzOndungshemmendes Mittel. ein Anaslhetikum. ein hypo- 
glykamisches Mittel. ein radiodiagnostisches Mittel. ein CartDoanhydrase- Inhibitor, ein Narkoseantagonist, ein Nar- 
koseagonist ein gemischter Narkoseagonist/antagonist. ein pharmakologisch aktives Protein, ein 
dopaminergisches/anti-Parkinson-Mmel oder ein Mittel zur Behandiung der Alzheimer-Krankheit ist. 

1 1 . Formulierung nach Anspruch 4. in der das Arzneimittel Chlorambucil, Lomustin, Melphalan, Methotrexat, Hexame- 
thylmelamin. Teniposid. Etoposid. Semustin, Fazarabin, Mercaptopurin, Tubulazol. Carmofur, Carmustin, 
Amsacrin, Bruceantin, Diaziquon, Didemnin B, Echinomycin oder PCNU ist. 

1 2. Formulierung nach Anspruch 5, in der das Arzneimittel ein Barbiturat oder ein Benzodiazepin ist. „ 

1 3. Formulierung nach Anspruch 5. in der das Arzneimittel Phenytoin. Pentobarbital^ Phenobartjital. Secobarbital, Sul- 
pirid. Etomidate, CNordiazepoxid. Diazepam. Medazepam, Oxazepam oder Lorazepam ist 

14. Formulierung nach Anspruch 6, in der das Arzneimittel Dexamethason. Hydrocortison, Prednisolon, 17p-Ostradiol, 
17a-Ethynyl0stradiol, Ethynyl6stradiol-3-methylether, Ostriol, Norethindron, Norethindronacetat. Norgestrel. Ethi- 
steron, Medroxyprogesteronacetat, Progesteron. 17-Methyltestosteron oder Testosteron ist. 
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15. Formulia^ung nach Anspruch 7. in der das Arzneimitte! AHaxaton ist. 

16. Formulierung nach Anspruch 8, in der das Arzneimittel Dicumarol, Digoodn. Digitoxin. Nrtroglyc&in.. Runarizin. 
AfprostadI Oder ProGtacydin isL 

17. Formulierung nach Anspruch 9, in der das Arzneimittel AmpidlUn. Penictilin .G. Ketoconazol. ttraconazol, Metroni- 
dazolbenzoat MiconazoL Flubendazol oder Co-Trimoxazol ist. 

18. Formulierung nach Anspmch 10, in der das Arzneimittel Retinol, Vitamin A-Acetat Cholecaldferol Retinal, ein Vit- 
arTBn E. D oder Apomorphin. Chlorthalidon, Furosemid. Spironolacton. Indomethadn. Piroxicam. Rurfo'profen. 
Acetazolamtd. Udocain, Acetohexamtd, Dimenhydrinat. L-DOPA oder THA ist 

19. Formulierung nach Anspruch 1 oder 2, in der das Arzneimittel die reduzierte, biooxidierfoare. die Blut/Hirn- 
Schranke durchdringende. lipotde Dihydropyridinform eines Dihydropyridin Pyridiniumsalz-Redoxsystems fur 
eine gezlelte Abgabe eines Arzneimittels an das Q^irn ist 

20. Formulierung nach Anspruch 19. in der die wdsserige LOsurtg ungef&hr isotordsch ist 

21. Formulierung nach Anspruch 19. in der die Dihydropyridinform eine Verfoindung der Formel 

[D-DHC] 

ist, in der [D] eine zentral wirkende Arznetmittelart und PHC] die reduzierte, biooxidiert)are. de Blut/Him-Schranke 
durchdringende, lipoide Form eines Dihydropyridin ^ Pyridiniumsalz-Redoxtrdgers ist 

22. Formulierung nach Anspruch 21. in der die zentral wirkende Arzneimittelart ein dopaminergisches Mittel. ein 
androgenes Mittel. ein kranrpflinderndes Mittel. ein anxiolyttsches Mittel. ein Neurotransmitter, ein antibiotisches 
Oder anfbakterielles Mittel. ein Antidepressivum, ein antivirales Mittel, ein Antikrebs- oder AntitunK)rmittel. ein ent- 
rundungshenrvnendes Mittel. ein Ostrogen oder ein Progestin ist. 

23. Formulierung nach Anspruch 22. in der die zentral wirkende Arzneimittelart Dopamin, Testosteron. Phenytoin. 
GABA, Valpronsdure. Tyrosin. Methicillin, Oxacillin, Benzytpenicillin. Cloxadllin, Didoxadltin. Destpramin. Acidovir. 
Trif luorthynvdin. Zidovudin, Hydrcxy-CCNU, Chlorambudl, Tryptamin, Dexamethason, Hydrocortison. EthinylCstra- 
diol. Noretiiindron, Ostradiol. Ethisteron. Norgestret. Estron. Ostradiol-S-methylether. Ostradlolbenzoat Norethyn- 
odrel. Mestranol, Indomethadn. Naproxen. FENU. HENU oder5-FU ist. 

24. Formulierung nach Anspruch 23, in der die Verbindung der Formel [D-DHC] ist 1-Methyl-3-{{N-{p-[3.4-bis{pivaiy- 
loxy)phenyl]ethyl}cait>amoyl}}-1 .4-dihydropyridin. 1 -Methyl-3-{N-[Ip-[3,4-bis(isobutyryiaxy)-phenyI]ethyi]]}cart)a- 
moyl-1.4-dihydropyridin. N-{p-[3.4-bis(Pivalylaxy)phenyOethyI}aminocarbonyioxymethyl-1,4-dihydro-1-methyl-3- 
pyrrdincarboxylat. 1 7p-[( 1 .4-Dihydro-1 -methy!-3-pyridinylcartx)nyl)oxy]androst-4-en-3-on, 1 7p-{[(3*'-Cart)amoyl- 
1 •,4*-dihyt a>pyridifr i)acetyl]oxy}androst-4-en-3-on. 5.5-Diphenyl-3-[(1 -methyl-l •.4'-dihydropyridin-3'-yI)carbony!o- 
xymethyO-2,4-imidazolidindion, 3-[3'-Carbanx)yl-1*,4'-dihydropyridin-V-y1)-acetyloxymethyl)-5,5Hjiphenyl-2.4-imi- 
dazolidindion, 3-[3'-(3"-Carbamoyl-1'\4"<lihydropyridln-1"-yl)propionyloxymethyO-5.5KJp^ 
imidazolidindion. 1 -Methyl-3-N-[3-(benzyioxycartx>nyl)propyllcart>amoyl- 1 .4-dihydropyrkiin, 1 -Mefthyl-3-{N-[(3'- 
cydohiaxylcarbonyOpropyl]}cartiamoyl-1. 4-dihydropyridin. l-Methyi-3-[2*-(2"-propyf)pentanoyloxy]ethylcarbamoyi- 
1 .4-dihydropyridin. 1 -Methyl-3-[2*-(2"-propyl)pentanoyloxy]-ethoxycarbonyl-1 .4-dihydropyridin, 1 -[2'-(2"-Pro- 
pyl)pentanoyloxy)ethyl-3-cart>oxamid-1 .4<Jihydropyridin, 1-Methyl-3{N-[(1 '-ethoxycaft)onyl)-2 -(4*'-pivaloy(oxyphe- 
nyl)ethylDcart>anK)yi-1 .4-dihydropyridin, 1 -Methyl-3-{N-[{1 •-ethoxycartx)nyl)-2*-{4'*- 
isobutyryloxyphenyl)ethyl]}cart)amoyl- 1 .4-dihydropyridin, [[(1 .4-Dihydro- 1 -methyl-3-pyridinyl)cartx5nylJoxy)methyl- 
[2S-(2a,5a.6p)]-3.3-dimethyl-7-oxo-6-l(2,6-dimethoxy)bertzanTido]-4-thia-1-azabicyclo(3.2.0]hept^ 

t((1 , 4-Dihydro- 1 -nfTethyl-3-pyridinyl)cartx)nyOoxyJmethyI-[2S-(2a,5a.6P)-3.3^^ 

isoxa2olcartx>xamido)-7-Qxo-4-thia-1 -azabicydo{3.2.0]heptan-2-carboxylat. [[(1 .4-Dihydro-1 -methyl-3-pyridi- 
nyl)cartx)ny(]oxy]methyl-[2S-(2a.5a.6p))-3.3-dimethyl-7-oxo-6-[{phenylacetyl)amino]-4-thia-1-azabi- 
cydoI3-2.0]heptan-2-cart>Qxylat. [1(1 .^-D'hydro-I -methyl-3-py^idinyl)-carbonyl]oxy]methyl-[2S-{2a.5a,6p)]•6-(3-(2- 
chtorphenyl)-5-methyl-4- isoxazolcartx)xamjdol-3,3-dimethyl-7-Qxo-4-thia- 1 -azabicyclo[3.2.0]heptan-2-cartx)xylat 
[((1.4-Dihydro-1-methyl-3-pyridinyl)cartK>nyOoxy]methyl-[2S-(2a,5a,6P))-6-[3-(2.6-dich!orphenyi)-5-methyW 
zolcaitx)xamido]-3.3-dimethyl-7-oxo-4-thia-1-azabicydo[3.2.01heptan-2-cart>oxylat. I{N-[3-(10.11-Dihydro-5H- 
diben2teJ|azepin-5-yl)]propyl-N-methylamino}carbonyloxy]nTethyl-1,4-dihydro- [1-{N- 
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{3-{1 0. 1 1 -Dihydro-5H<Jibenz-I|2ila2epin-5-yOlpr^ 

pyridincartx)xylat. 1-Methyl-3a2-{9-guanylrnemoxy)etho«yJc»rt)onyl^1^ 3H1.4-Dihydro-1-methyi- 
3i>yridinylcart>orTyO-5'-ph«loyltrWuort^ 3*- Azicio-3'-deoxy-5'-(1 -methyl- 1 ,4-<fihydro-3i>yridinyl)cartx)nyl]thy- 
midin, N-(2-ChlorethyO-N44-(1 ,4-dihydro-1 -methyl-3-pyridncart>onyloxy)cyclohexyq N-(2- 
FluoretlTyl)-N -[2-(1 ,4<fihydro-1 -methyl-3i>yridincartx)nyioxy)ethyl]-N-nitrosote^ N-(2-ChlorethyO-N*-f2-(1 ,4- 
dihydro-1 -methy!-3i)yridirK»rtx>nylQ)cy)ethyl]-N-nrtrow 1 -Methyl-3-I(N-{2-{4-({4-[bis(2-chlor- 

ethyO]amirx))phenyl)butafK>yloxy]ethyf})caita 1 -Methyl-3-(N-{4-l4-(4-{[bis(2-chlore- 

thyl)]amino}phenyOtxjtarx)yloxy)cyclohexyl}<»rt)anx^ ,4^hydropyridin, 1 -Methy!-3-[(N-{2-[4-{{4-bis{2-chlore- 
thyl)]amino}phenyt)biJtarx)yloxy]propyO)carbarrK)yl]-1 .4<Ji^ 1 -Methyl-3-[(N-{2-phenyl-2-{{4-[bis-(2- 

chlorethyO]amino}phenyObutanoyloxyDethyl)carbanrx>^ 1-Methyl-3-(N-({H4-(4-{tbis(2-chlore- 
thyO]amino}pheny!)butaiX)yloxy]cyctohexyl}methyl)carte .4-dihydropyridin. 1 -Methyl-3-N-[2-(3-indo- 

lyl)ethyl]carbamcyi-1.4-difvdropyrkli^^ 9-Ruor-11pJ7<lih]^roxy-16a-methyl-2H[(1-methyf-1^ 
yl)carbony(Joxy}pregna-1.4-dien-3.20-dion, 11pJ7-Dihydraxy-2HK1-meth]^-1.4<iihydropyr«irv3-yOca^ 
nyl)oxy}pregn-4-en-3.20-dk)n. 3-Hydroxy-1 7p-[(1 -methyl-1 ,4-dihydropyridin-3-yOcart>onyl]oxyOstra- 1 ,3,5(1 0)-trien, 
3-HydrQxy-1 7p-{[1 -methyi-1 .4Kjihydropyridin-3-yOcarbonylJoxy}-1 9-nor-1 7ai>regna-1 .3,5(10)-trien-20-yn.3-[(1 • 
Methy!-1.4<jihydro-3i)yridinyl)cartX)nylox)^0stra-1,3.5(10)-tri 17p-{(1-Methyl-1.4-dihycfro-3-pyridinyOcar- 
bonyloxy]6slra-1 .3,5(1 0)-trierv3K)l-3-methylether. 3.1 7p-bis4[(1 

1. 3.5(1 0)-trien. 3-(Phenylcartx)nyloxy)-17p-{[(1 -methyl- 1.4-dihyrc)pyridirv3^ 3- 
Methoxy-1 7p-{[1 -methyl-1 ,4-dihydropyridm-3-yOcartx)nyOoxy}- 1 9-nor-1 7a-pregna- 1 .3.5(1 0)-trien-20-yn. 1 7p-{[(1 - 
Methyl-1,4-dir^dropyridin-3-yOcarbonyOQxy}-19-rw^ 17p-{[(1 -Methyl- 1.4-dihydropyridin-3- 

yl)cartx)nyI]oxy}pregn-4-en-20-yn-3-on. l3-Ethyl-17p-{[(1-methyl-1.4-dihydropyridn-3-yl)cartx)nyl]oxy}-18.19- 
dinorpregn-4-en-20-yn-3-on. 17p-{[(1-Methyl-1.4-dihydropyrkiin-3-yl)carbonyl]Qxy}-19-rK)rpregn-5( 
on, l-Methyl-3-[N-(2-{1-(p-chlort>en2oyI)-5-methoxy-2-methyl-3-irKiolyOacetoxy} 

din. 1-Methyl-3-{N-[2-(6-methoxy-a-methyl-2-naphthalinyiacetoxy)ethyllcarbanfioyl-1 .4-dihydropyridin. 3-(1.4-dihy- 
dro-1-methyl-3-pyrldinyicart)onyloxymethyl)-5-fyoruracil Oder 1-(1.4-Dihydro-1-methy1-3- 

pyridincarbonyloxymethyi)-5-fluoruracil. 



25. Fornnulierung nach irgendeinem der AnsprOche 1 bis 18. in der die L6sung von 20% bis 50% Hydroxypropyl-p- 
cydodextrin enthSlt. 

26. Fornnulierung nach Anspruch 1, in der das Arzneimittel die reduzierte. biooxidierbare. die Blut/Hirn-Schranke 
durchdringende, iipoide Dihydropyridinform eines Dihydropyridin o Pyridiniumsalz-RedoxsystenrTs zur gezielten 
Abgabe eines Arzneimitteis an das Gehirn ist und in der die LOsung von 20% bis 50% Hydroxypropyl-p-cyclodextrin 
enthait. 



27. Wasserige Arzneimittelformulierung, welche ein lipophiles und/oder wasserempfindliches Arzneimittel in einer 
wfisserigen L6sung umfaBt, die von 20% bis 50% eines Hydroxypropyl-. Hydroxyethyl-. Glucosyi-, Maltosyl- Oder 
Maltotriosylderivates von p- Oder v-Cydodextrin enthait. zur Verwer>dung bei der Herstellung einer pharmazeuti- 
schen Zusammensetzung zur parenteralen Verabrelchung, wobei das Arzneimittel in der Zusammer^etzung eine 
verringerte Neigung aufweist, sich nach parenteral er Verabreichung in den Lungen oder in anderen Organen auf 
' G:-jnd vt^r* Fdllung an Oder nahe der Injektionssteile und/oder in den Lungen oder anderen Organen selbst anzu- 
sammeln. 



28. wasserige Arzneimittelformulierung. welche ein lipophiles und/oder wasserempfindliches Arzneimittel in einer 
wasserigen LOsung umfaBt. die von 20% bis 50% eines Hydroxypropyl-. Hydroxyethyl-. Glucosyi-. Maltosyl- oder 
Maltotriosylderivates von p- oder y-Cyclodextrin enthait. zur Verwendung bei der Herstellung einer pharmazeuti- 
schen Zusammensetzung zur parenteralen Verabreichung, wobei das Arzneimittel in der Zusammensetzung eine 
verringerte Neigung aufweist. sich nach parenteraler Verabreichung in den Lungen oder in anderen Organen auf 
Grund von Failung an oder nahe der Injektionssteile und/oder in den Lungen oder anderen Organen selbst anzu- 
sammeln, mit der MaBgabe, daB, wenn die Ldsung von 20% bis 50% Hydroxypropyl- p-cydodextrin enthait, das 
Arzneimittel ein anderes ats die reduzierte, biooxidierbare. die Blut/Hirn-Schranke durchdringende. Iipoide Dihydro- 
pyridinform eines Dihydropyridin <^ Pyridiniumsalz-Redoxsystems zur gezielten Al5gat>e eines Arzneimitteis an 
das Gehirn ist. 



29. Formulierung zur Verwendung nach Anspruch 27 oder 28, in der die wasserige LOsung ungefahr isotonisch ist. 

30. wasserige ArzneimitteHommjIierung, welche ein lipophiles und/oder wasserempfindliches Arzneimittel in einer 
wasserigen LOsung umfaRt. die von 20% l>is 50% eines Hydroxypropyl-, Hydroxyethyl-. Glucosyi-. Maltosyl- oder 
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MattotriosyWerivates von p- Oder rCydodextrin enthatt. zur Verwendung bei der Herstellung einer pharmazeuti- 
schen Zusammensetzung zur parenteralen Verabreichung, wobei das Arzneimittel in der Zusammensetzung eine 
verringerte Neigung aufweist, sich nach parenteraler Verabreichung in den Lungen oder in anderen Organen auf 
Grund von Failung an oder riahe der InjektionssteDe und/bder in den Lungen oder anderen Organen setost anzu- 
sammeln. wobei die Zusammensetzung steril und pyrogenfrel ist 

31. Wdsserige Arzneinrrttelfornujiierung. welche ein lipophiles und/bder wasserenrpfindliches ArzneinHttel in einer 
wSsserigen Lfisung umtafJt. de von 20% bis 50% eines Hydroxyprtw*-. Hydraxyelhyl-, G!ucosyi% Maltosyl- oder 
Maltotrlosyiderivates von p- oder rCydodextrin enthatt, zur Venwendung bet der Herstellung einer pharmazeuti- 
schen Zusammensetzung zur parenteralen Verabreichung, wobei das Arzneimittel in der Zusaimtensetzung eine 
verringerte Neigung aufwetst. sich nach p>arenterater Verabreichung in den Lungen oder in anderen Organen auf 
Grund von F&llung an oder nahe der Injektionsstelle und/oder in den Lungen oder anderen Organen sebst anzu- 
sammeln. wobei die Zusammensetzung steril und pyrogenfrei ist. mit der MaBgabe. daS, wenn die LOsung von 
20% bis 50% Hydroxypropyl-p-cyclodextrin eithait. das Arzneiniittei ein anderes ats die reduzierte. biooxiderbare. 
die Blut/Hirn-Schranke durchdringende, lipoide Dihydropyridinform eines Dihydropyridin o Pyridiniumsalz-Redox- 
systems zur gezielten Abgabe eines Arzneimittels an das Gehirn ist. 

32. Formulierung zur Verwendung nach Anspruch 30 Oder 31 . in der die wasserige L&swg uigefahr isotonisch ist. 

33. Formulierung zur Verwendung nach irgendeinem der AnsprOche 27-32. in der das Arzneintittel wie in irgendeinem 
der AnsprOche 4-18 definiert ist. 

34. Formulierung zur Venwendung nach irgendeinem der AnsprOche 27-32. in der das Arzneimittel wie in irgendeinem 
der AnsprOche 19 und 21-24 d^iniert ist. 

35. Formulierung zur Verwendung nach irgendeinem der AnsprOche 27-33. in der die Ldsung von 20% bis 50% Hydro- 
xypropyl-p-cydodextrin enthait. 

36. Formulierung zur Verwendung nach Anspruch 27 oder 30, in der das Arzneimitlel die reduzierte, biooxidierbare. die 
Blut/Hirn-Schranke durchcfringende, lipoide Dihydropyridinform eines Dihydrc^jyridin Pyridiniumsalz-Redoocsy- 
stems zur gezielten Abgabe eines Arzneimittels an das Gehirn ist und in der die LOsung von 20% bis 50% Hydro- 
xypropyl-p^ydodextrin enthait. 

PatentansprOche fOr folgende Vertragsstaaten : ES, GR 

1. Verfahren zur Herstellung einer parenteralen Arzneimittelformulierung, deren Arzneimittelbestandteil eine verrin- 
gerte Neigung aufweist, sich nach parerrteraler Verabreichung in den Lungen oder in arxieren Organen auf Grund 
einer Failung an oder nahe der Injektionsstelle urxl/oder in den Lungen oder in artderen Organen selbst anzusam- 
metn, welches Verfahren das Formulieren eines lipophilen und/oder wasserempfindlichen Arzneimittels in einer 
wasserigen LOsung. die von 20% bis 50% eines Hydroxypropyl-, Hydroxyethyl-, Glucosyl-, Maltosyl- Oder Maltotrio- 
sytderrvates von oder y-Cyctodextrin enthaK. unter solchen Bedingungen umfa6t daB die Formulierung steril 
und pyrogenfrei ist 

2. Verfahren zur Herstellung einer parenteralen Arzneimittelformulierung, deren Arzneimittelbestandteil eine verrin- 
gerte Neigung aufweist. sich nach parenteraler Verabreichung in den Lungen oder in anderen Organen auf Grund 
einer Faitung an Oder nahe der Injektionsstelle ur^jUoder in den Lungen oder in anderen Organen selbst anzusam- 
meln. welches Verfahren das Formulieren eines lipophilen und/oder wasserempfindlichen Arzneimittels in einer 
wasserigen l-Osung, die von 20% bis 50% eines Hydroxypropyl-, Hydroxyethyl-. Glucosyl-. Maltosyl- oder Maltotrio- 
sylderivates von ^ oder y-Cyclodextrin enthatt. unter solchen Bedingungen umfaBt, daB die Formulierung steril 
und pyrogenfrei ist. mit der MaBgabe. daB, wenn die L6sung von 20% bis 50% Hydroxypropyl- ^cyclodextrin ent- 
hait, das Arzneimittet ein anderes als die reduzierte. biooxtdiert>are. die Blut/Him-Schranke durchdringende. lipoide 
Dihydropyridinform eines Dihydropyridin <r> Pyridiniumsatz-Redoxsystems fur die gezielte Abgabe eines Arzneimit- 
tels an das Gehirn ist. 

3. Verfahren nach Anspruch 1 oder 2. in dem die wasserige Ldsung ungefahr isotonisch ist. 

4. Verfahren nach Anspruch 1 oder 2. in dem das Arzneimittel ein Antikrebsmittel ist. 



126 



EP0335545B2 



5. Verfahren nach Anspruch 1 Oder 2. in dem das Arzn hTOttel ein Sedativum. ein Beruhigungsmittei, ein kriampfin- 
derndes Mittel, in AnWepressivum. ein Hypnotikum, ein Muskeirelaxans Oder ein SpasmolytikuTn 1st. 

6. Verfahren nach Anspruch 1 oder 2, in dem das Arzneimittel ein Androgen, ein Ostrogener Stoff. ein Progestin Oder 
ein entzundungshemmendes Steroid ist. 

7. Verfahren nach Anspruch 1 oder 2. in dem das Arzneimittel ein hypnotisches oder anSsthetisches Steroid tet 

8. Verfahren nach Anspruch 1 oder 2. in dem das Arzneimittel ein gerinrujngshemmendes Mittel, ein Kardiotonikmi. 
ein Vasodilator, ein Vasokonstriktor. ein Piatlcheninrtbitor oder ein AntiarrtTythnrHe-Mittei ist. 

9. Verfahren nach Anspruch 1 oder 2, in dem das Arzneinrwttel ein Antipilzmittel, ein Antiprotozoennr»ttel, ein antibak- 
terielles Mittel. ein Antibiotilajm Oder ein Antivirusmittellst. 

10. Formulierung nach Anspruch 1 oder 2. in der das Arzneimittel ein Vitanran/ErnAhrungsfaklor, ein Emelikum, ein 
Antiemetikum. ein Diuretikum. ein nichtsteroidales entzundungshenvnendes Mittel. ein Andsthetikum. ein hypo- 
glykamisches Mittel. ein radiodiagnostisches Mittei. ein Cart)oanhydrase-tnha3itor, ein Narkoseantagonist, ein Nar- 
koseagonist ein gemischter Narkoseagonist/antagonist ein pharmakoiogisch aktives Protein, ein 
dopaminergisches/anti-Parkinson-Mittel oder ein Mittel zur Behandlung der Aizheimer-Krankheit ist. 

11. Verfahren nach Anspruch 4, in dem das Arzneimittel Chlorambucil. Lomustin, Melphalan, Methotrexat. Hexame- 
thylmelamin. Teniposid. Etoposid. Semustin. Fazarat)in. Mercaptopurin. Tubulazol, Carmofur, Carmustin. 
Amsacrin, Bruceantin. Diaziquon. Didemnin B. Echinomycin oder PCNU ist. 

12. Verfahren nach Anspruch 5. in dem das Arzneimittel ein Barbiturat Oder ein Benzodiazepin ist. 

13. Verfahren nach Anspruch 5. in dem das Arzneimittel Phenytoin, Pentobarbital. Phenobarbital. Secobarbital, Sulpi- 
rld, Etomidate. Chtordiazepoxid. Diazepam, Medazepam. Oxazepam oder Lorazepam ist 

14. Verfahren nach Anspruch 6. in dem das Arzneimittel Dexamethason, Hydrocortison. Prednisolon. 17p-Ostradiol, 
l7a-Ethynytostradiol, Ethynyl6stradiol-3-methylether, Ostriol. Ntorethindron, Norethindronacetat. Norgestrel. Ethi- 
steron. Medroxyprogesteronacetat. Progesteron. l7-Methyltestosteron oder Testosteron ist. 

15. Verfahren nach Anspruch 7. in dem das Arzneimittel Alfaxalon ist. 

16. Verfahren nach Anspruch 8. in dem das Arzneimittel Dicumarol. Digoxin, Digitoxin, Nitroglycerin. Runarizin, 
Alprostadil oder Prostacyclin ist. 

17. Verfahren nach Anspruch 9. in dem das Arzneimittel Anpicillin. Penicillin G. Ketoconazol. ttraconazol. Metronida- 
zolbenzoat, Miconazoi. Rubendazol oder Co-Trimoxazol ist 

18. Verfahren nach Anspruch 10, in dem das Arzneimittel Retinol. Vitamin A-Acetat. Cholecaldferol, Retinal, ein Vit- 
amin E. D Oder K, Apomorphin. Chlorthalidon, Furosemid. Spironolacton. Indomethadn. Piroxicam, Flurbiprofen, 
Acetazolamid, Lidocain. Acetohexamid. Dimenhydrinat, L-DOPA oder THA ist 

19. Verfahren nach Anspruch 1 oder 2. in dem das Arzneimittel die reduzierte, biooxidiert>are. die Blut/Hirn-Schrfinke 
durchdringende. lipoide Dihydropyrrdinform eines Dihydropyridin Pyridiniumsalz-Redoxsystems fur eine gezielte 
Abgabe eines Arzneimittels an das Gehirn ist 

20. Verfahren nach Anspruch 19, in dem die wdsserige Lbsung ungefdhr isotonisch ist. 

21. Verfahren nach Anspruch 19, in dem die Dihydropyridinform eine Verbindung der Formel 

[D-DHC] 

ist, in dem [DJ eine zentral wirkende Arzneimittelart und [DHC] die reduzierte. biooxidiert)are. die Blut/Hirn- 
Schrdnke durchdringende. lipoide Form eines Dihydropyridin <^ Pyrtdiniumsalz-RedoxtrAgers ist. 
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22. Verfahren nach Anspruch 21, in dem die zentral wtrkende Arzneinrattelart ein doparrinergisches MWel. ein andro- 
genes Mittel. ein krampflindemdes Mittel, ein anxiolytisches Mitte!, ein Neurotransmitter, ein antibiotisches Oder 
arrtibakterielles Mittel, ein Antidepressivunv ein antivirales Mittel. ein Antikrebs- Oder Antitumormittel, ein entzQn- 
dungshenmnendes Mittel. ein Ostrogen oder ein Progestin ist. 

23. Verfahr n nach Anspruch 22. in dem die zentral wirkende Arzneimrttelart Dopamin. Testosteron, Phenytoin. GABA, 
N^pronsaure, Tyrosin. Methidllin, Oxacillin, Benzy^>€nicillin. Ctoxacillin. Didoxacillin. Desipramin, Addovir, 
Trifluorthymidin, Zidovudin. Hydraxy-CCNU. Chlorambudl. Tryptamin. Dexamethason. Hydrocortison, EthinylOstra- 
diol. Norethindron. Ostradiol. Ethisleron, Norgestrel, Estron. Oslradiol-3-methylether, Ostradiolbenzoat Norethyn- 
odr6l. Mestranol. Indomethadn. Naproxen. FENU. MENU oder 5-FU ist 

24. Verfahren nach Anspruch 23. in dem die Verbindung der Formel p-DHC] ist: 1-Methyl-3^{N-{p^3.4-bis{pivaly- 
loxy)phenyl]ethyl}carbamoyl}}-l ,4KJihydropyridin. 1 -Methyl^-{N-[[p-[3.4-bi5(isotxjtyrylaxy)-phenynethyn]}car^^ 
moyl-1 .4-dihydropyridin. N-{p-[3.4-bis(Pivalyloxy)phenylJethyl}aniinocart)onyiaxymettTyl-1 ,4-dihydro-1 -methyl-3- 
pyridincarboxylat. 1 7p-[( 1 ,4-Dirvdro- 1 -methyl-3i>>Tidinylcarbonyl)oxy)androst-4-en-3-on. 1 7p^[{3'*-Carbamoyl- 
1 •,4'-dihydropyridinyOacetyf]oxy}androsl-4-en-3-oni 5.5-Diphenyl-3-[{1 -methyl-1 \4'<Jihydrt^yridin-3'-yl)cariDonylo- 
xymethyn-2.4-imida2olidindion. 3-[3'-Cart>amoyl-1\4'-dihydropyridin-r-yO-acetytoxymettiyO-5.5<Jiphenyl-2.4 
dazolidindion, 3-[3'-(3*'-C^rbamoyl-1^4"Klihydropyridin-r-yl)propionyiaxynr>ethyn-5.5^^^ 
imidazolidindion, 1-Methyl-3-N43-(ben2yioxycarbonyl)propyOcartMmoyl-1,4Kjihydropyridin. 1-Methyl-3-{N-((3*- 
cydohexylcarbonyl)propyl])carbamoyl-1 .4-dihydropyridin. 1 -Methyl-3-{2*-(2'*-propyf)pentanoyloxy]ethylcarbamoyl- 
1 ,4-dihydropyridin. 1 -Methyl-3-[2'-(2"-propyl)pentanoyloxyI-ethoxycarbonyl-1 .4-dihydropyridn. 1 -[2*-(2"-Pro- 
pyl)pentanoyloxy]ethyi-3-carboxamid-1.4-dihydropyridin, 1-Methyl-3{N-((r-ettTOxycartx)nyl)-2'-(4"-pivaloylQxyphe- 
nyl)ethyIl)cafbanToyl-1 .4-dihydropyndin. 1 -Me^hyl-3^N-[(1 •-ethoxycarbor^)-2*-(4"- 
isobutyryloxyphenyl)ethy!]}cart>amoyi-1 .4-dihydropyridin, (({1 .4-Dihydro-1 -methyl-3-pyridinyl)carbonylJaxy]methyl- 
I2S-{2a,5a,6W]-3,3-dimethyl-7-oxo-6-l(2.6<limethoxy)benzamido]-4-thia-1-azabicyclo[3.^ 
[[(1.4-Dihydro-1-rnethyl-3i>yridinyl)carbonynoxy]methyl-pS-(2a,5a.6P)-3.3KJimel^ 

isoxa2olcarbQxamido)-7-oxo-4-thia-1 -a2abicydo[3.2.0]heptan-2-cartx)xylat. [[(1 ,4-Dihydro-1 -methyl-3-pyridi- 
riyl)cartx)nyOoxy]methyl-(2S-(2a.5a,6P)l-3.3-dimethyl-7-oxo-6-[(phenylacetyl)anftino)-4-thia^ 
cydo[3.2,0]heptan-2-carboxylat W .4-Dihydro-1 -methyl-3-pyridinyl)-cartx>nyQoxy)methyi-[2S-(2a.5a.6p)]-6-{3-(2- 
chlorphenyl)-5-methyl-4-isoxazolcartx>xanrTido]-3.3<iimethyl-7-oxo-4-thia-1-azabicyclo^^ 
[[(1.4-Dihydro-1-methyl-3-pyridinyl)cartX)nynoxy]methyl-{2§-(2a.5a.6p)]-6-[3-{2.6-dichlo 

zo!cartx)xamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo(3.2.0]heptan-2-cartx>xylat. [{N-[3-(10.l1-Dihydro-5H- 
dibenz[bJlazepin-5-yl)]propyl-N-methylamino}carbonyloxy]methyl-1 ,4-dihydro-1 -methyl-S-pyridincartwxylat. I1-{N- 
[3-(l0.l 1 -Dihydro-5HKJibenz-[bJ|a2epin-5-yl)lpropyl-N-methylamino}carbonyloxy]ethyl-1 .4-dihydro-1-methyl-3- 
pyridincarboxylat. 1-Methyl-3{[2-(9-guanylmethoxy)ethoxy]cartx)nyt}-1. 4-dihydropyridin. 3'-(1,4-Dihydro-1-methyl- 
3-pyridinylcarbonyl)-5'-pivaloyltrifluorthymidin. 3'-Azido-3'-deoxy-5'-(1 -methyl-1 ,4-cfihydro-3-pyridinyl)carbonyIJthy- 
midin. N-(2-Chlorethyl)-N*-[4-{1 .4-dihydro-1 -methyl-3-pyridincartx)nyloxy)cyclohexyfJ-N-nitrosoharnstoff, N-(2- 
Fluorethyt)-N'-[2-{1.4-dlhydro-1-methyl-3-pyridincartx)nyloxy)ethyl]-N-nitrosoharnstotf N-(2-Chlorethyl)-N'-l2-(1 .4- 
dihydro-1 -methyl-3-pyridincarbonyloxy)ethyi]-N-nitrosoharnstoff, 1 -Methyl-3-t(N-{2-[4-({4-[bis(2-chlor- 

ethyl)lamino)phenyl)butanoyloxy)ethyl})carbamoyl]-1, 4-dihydropyridin. 1-Methyl-3-(N-{4-I4-(4-{[bis(2-chlore- 
thyl)]amino}phenyl)butanoyloxy]cyclohexyl}carbamoyl)-l.4-dihydropyridin, 1-MethyI-3-[(N-{2-[4-({4-bis(2-chtofe- 
thyl)]amino}phenyl)butanoyloxy)propyi})carbanx)yt]-1,4-dihydropyridin, 1-Methyl-3-[(N-{2-phenyl-2-({4-[bis-(2- 
chlorethyi))amino}phenyl)butanoyloxy])ethyf)carbarTX)yf]-1 .4-dihydropyridin. 1 -Methyl-3-(N-({1 -{4-(4-{[bis(2-chlore- 
thyl)]amino}phenyl)butanoyloxy]cyclohexyl}methyOcarbamoyl]-1 ,4-dihydropyridin. 1 -Methyl-3-N-[2-(3-indo- 

lyl)ethyl)cart>anDoyl- 1 .4-dihydropyridin. 9-Fluor-1 1 p, 1 7-dihydroxy-1 6a-methyl-21-{l( 1 -methyl-1 .4-dihydropyrldin-3- 
yl)cart>onyt)oxy}pregna-1 ,4-dien-3,20-dion. 1 1 p. 1 7-Dihydroxy-21-{t(1 -methyl-1 ,4-dihydropyridin-3-yl)cartx)- 

nyIJoxylpregn-4-en-3.20-dion. 3- Hydroxy- 17p-[(1- methyl- 1,4-dihydropyridin-3-yl)cartx)nyl]oxyestra-1 ,3 .5(10)-trien, 
3-Hydroxy-l 7p-{[1 -methyl-1 ,4-dihydropyridin-3-yl)cart)onyl]oxy}-1 9-nor-1 7a-pregna-1 .3.5(1 0)-trien-20-yn, 3-[(1 - 
Methyl-1. 4-dihydro-3-pyridinyl)cart)onyloxylGstra-l,3.5(lO)-trien-17-on. 17p-[(1 -Methyl-1 . 4-dihycfro-3-pyridinyi)car- 
bonyloxy]6stra-1,3.5(10)-trien-3-ol-3-methyIether. 3. 17p-bis-{[(1 -methyl- 1,4-dihydropyr idin-3-yl)caftx)nyiJoxy}6stra- 
1.3.5(10)-trien. 3-(Phenylcartx)nyloxy)-17p-{[(1-nr»ethyl-1,4<lihyropyridin-3-yl)carbonyqoxy}6sfr 3- 
Methoxy-1 7p-{[1 -methyl-1 ,4-dihydropyridin-3-yl)cartx)nyl]oxy}- 1 9-nor-1 7a-pregna-1 ,3.5(1 0)-trien-20-yn, 1 7p-{[(1 - 
Methyl-1. 4-dihydropyr(din-3-yOcartX)nyl]oxy}-19-norpregn-4-en-20-yn-3-on, 17p-{[(1-Methyl-1.4-dihydropyridin-3- 
yl)cartx)nyl]oxy)pregn-4-en-20-yn-3-on. 1 3-Ethyl-1 7p-{[(1 -methyl-1 .4-dihydropyridin-3-yl)cart)onyl]oxy}-1 8. 1 9- 
dinorpregn-4-en-20-yn-3-on. 17p-{[(1 -Methyl-1. 4-dihydropyridin-3-yl)cartx)nyl]oxy)-19-norpregn-5{10)-en-20-yn-3- 
on. l-Methyl-3-(N-(2-{1-(p-chtorbenzoyl)-5-methoxy-2-methyl-3-indolyOacetoxy}ethyl)cart>amoyO-1,4-di^ 
din, 1 -Methyl-3-{N-[2-{6-methoxy-a-methyl-2-naphthalinylacetoxy)ethyl]cart)amoyl-1 ,4-dihydropyrrdin. 3-(1 .4-dihy- 
dro-1-methyl-3-pyridinylcarbonyioxymethyl)-5-fluoruracil oder 1-(1,4-Dihydro-1-methyl-3- 
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pyridincartx>nyloxymethyi)-5-fluaiFacfl. 

25. Verfehren nach irgendeinem der AnsprOche 1 bis 18. in dem di ijOsung von 20% bis 50% Hydroxypropyl-p- 
cydodextrin enthdit. 

26. Verfahren nach Anspax:h 1. in dem das Arzneimittel die reduzierte. biooxldierbara die Blut/Hirn-Schranke durch- 
dringende. lipoide Dihydropyrkjinform eines Dihydropyridin <-> Pyridiniumsalz-Redoxsystemszur gezielten Abg^e 
eines Arzneimrttels an das Gehim ist und in dem die LOsung von 20% bis 50% Hydroxypropyl-p-cyclodextrin ent- 
hatt. 

27. Verfahren zur Herstellung einer pharmazeutischen Zusanmensetzung zur parenteralen Verabreichung. wfelches 
das Formulieren einer wasserigen ArzneimitteJformulierung umfaSt. welche ein Ipophiles und/oder wasseremp- 
f indliches Arzneintittel in einer vifasserigen LGsung umfa8t. die von 20% bis 50% eines Hydroxypropyl-. Hydroxye- 
thyh, Gaucosyl-, Maltosyl- oder Maltotriosylderivates von p- Oder y-Cyclodextrin enthait. wodurch das Arzneimittel 
in der Zusammensetzung eine veningerte Neigung aufweist, sich nach parenteraler Verabreichung in den Lungert 
Oder in anderen Organen auf Grund von Failung an oder nahe der Injektionsstelle und/oder in den Lungen oder 
anderen Organen selbst anzusammeln. 

28. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung zur parenteralen Verabreichung, welches 
das Formulieren einer wasserigen Arzneimittelformulierung umfaBt. welche ein lipophiles und/oder wasseremfv- 
findliches Arzneimittel in einer wasserigen LOsung umfaBl. die von 20% bis 50% eines Hydroxypropyl-. Hydroxye- 
thyl-, Gucosyl-. Maltosyl- Oder MaltotriosyJderivates von p- oder rCyclodextrin enthait. wodurch das Arzneimittel 
in der Zusammensetzung eIne verringerte Neigung aufweist. sich nach parenteraler Verabreichung in den tujngen 
Oder in anderen Organen auf Grund von Fdllung an oder nahe der Injektionsstelle urxl/oder in den Lxingen oder 
anderen Organen selbst anzusammeln, mit der MaBgabe. daB, wenn die LOsung von 20% bis 50% Hydroxypropy)- 
p-cydodextrin enthait, das /Arzneimittel ein anderes als die reduzierte. biooxidiert>are, die Blut/Hirn-Schranke 
durchdringende, lipoide Dihydropyridinform eines Dihydropyridin Pyridiniumsalz-Redoxsystems zur gezielten 
Abgabe eines Arzneimittels an das Gehirn ist 

29. Verfahren nach Anspruch 27 oder 28, in der die wasserige Ldsung ungefahr isotonisch ist. 

30. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung zur parenteralen Verabreichung, welches 
das Formulieren einer wasserigen Arzneimittetformulierung umfaBt. welche ein lipophiles und/oder wasseremp- 
findliches />u^neimittel in einer wasserigen LOsung umfaBt. die von 20% bis 50% eines Hydroxypropyl-. Hydroxye- 
thyl-, Glucosyl-, Mattosyl- oder Maltotriosylderivates von p- oder y-Cyclodextrin enthaft. wodurch das Arzneimittel 
in der Zusammensetzung eine verringerte Neigung aufweist, sich nach parenteraler Verabreichung in den Lxingen 
Oder in anderen Organen auf Grund von Faitung an oder nahe der Injektionsstelle und/oder in den Lungen oder 
anderen Organen selbst anzusammeln. unter sotchen Bedingungen. daB die Zusammensetzung steril und pyro- 
genfrei ist. 

31. Verfahren zur Herstellung einer phamiazeutischen Zusammensetzung zur parenteralen Veraoreichung, welches 
das Formulieren einer wasserigen Arzneimittelformulierung umfaBt. welche ein lipophiles und/oder wasseremp- 
f indliches Arzneimittel in einer wasserigen LOsung umfaBt. die von 20% bis 50% eines Hydroxypropyl-. Hydroxye- 
thyl-, Glucosyl-. Maltosyl- Oder Maitoiriosylderivates von p- oder y-Cyclodextrin enthait. wodurch das Arzneimittel 
in der Zusammensetzung eine verringerte Neigung aufweist, sich nach parenteraler Verabreichung in den Lungen 
Oder in anderen Organen auf Grund von Faiiung an oder nahe der Injektionsstelle und/oder in den Lungen oder 
anderen Organen selbst anzusammeln, unter solchen Bedingungen. daB die Zusammensetzung steril und pyro- 
genfrei ist. mit der MaBgabe. daB. wenn die Ldsung von 20% bis 50% Hydroxypropyl-p-cyclodextrin enthait. das 
/^neimittel ein anderes als die reduzierte. biooxidiert)are, die Blut/Hirn-Schranke durchdringende. lipoide Dihy- 
dropyridinform eines Dihydropyridin Pyridiniumsalz-Redoxsystems zur gezielten Abgabe eines Arzneimittels an 
das Gehirn ist. 

32. Verfahren nach Anspruch 30 oder 31. in dem die wasserige LOsung ungefahr isotonisch ist 

33. Verfahren nach irgendeinem der Anspruche 27-32, in dem das Arzneimittel wie in irgendeinem der AnsprOche 4- 
ISdefiniert ist. 

34. Verfahren nach irgendeinem der Anspruche 27-32, in dem das Arzneimittel wi in irgendeinem der Anspruche 19 
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und 21 -24 deftniert ist 

35. VeffaN-en nach trg rKJeinemderAnsprOche 27-33 Jndem die Lfisung von 20% 
trin enthdit. 

5 

36. Verfahren nach Anspruch 27 Oder 30, in dem das Arzneimrtte! di reduzierte. biooxidieibare, die Blut/hfim- 
Schranke durchdringende, l?x)ide Dihydropyiidinform eines Dihydropyridin Pyridiniumsalz-Redoxsystems zur 
gezieHen Abgabe eines Arcneimittels an das Gehim ist und in dem die LBsung von 20% bis 50% Hydroxypropy!-p- 
cydodextrin enthait 

10 

Revendlcations 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, IT, U, LU, NL, SE 

15 1 . Formulaton m6dicamenteuse parent6rale, dont le constituant m^dicamenteux prfeente une tendance r6dUTte k se 
rassembter dans les pounnons ou d'autres organes en ratson d'une pr^ipitation au niveau ou k proximity du site 
d'injection et/ou dans les poumons ou d'autres organes proprement dits apr^ administration parent^rale. ladite 
formulation comprenant un m6dicament llpophile et/ou labile en milieu aquaix dans une solution aqueuse conte- 
nant 20 % 4 50 % tfun d§riv6 hydroxypropylique. hydroxy6thyfique. glucosylique. nr^osylique ou maltotriosylique 

20 de ou rcyclodextrine. ladite formulation 6tant sterile et apyrogene. 

2. Formulation m6dicamenteuse parent6rale, dont le constituant m6dicamenteux pr6sente une tendance r6duite k se 
rassemt>ler dans les pounrwns ou d'autres organes en raison d'une pr6cipitation au niveau ou k proximity du site 
d'injection et/ou dans les poumons ou d'autres organes proprement dits apr^s administration parent^rale. lacfte 

25 formulation comprenant un m^tcament lipophile et/ou labile en milieu aqueux dans une solution aqueuse conte- 
nant 20 % d 50 % dun derive hydroxypropylique. hydroxy^thylique. glucosylique. maltosyllque ou maltotriosylique 
de p- ou rcyclodextrine, ladite formulation 6tant st^iie et apyrog^ne, sous r^erve que, lorsque la solution cornient 
20 % & 50 % d'hydroxypropyl-p-cydodextrine, alors le medicament soit autre que la forme dihydropyridine lipoTdi- 
que r^urte, biooxydable. passam k travers la barri^re h^mato-enc^hatique. d'un syst^me redox dihydropyridine 

30 c± set de pyridinium pour d^livrer un m^icament vers une cible oonsistant en te cerveau. 

3. Formulation suivant la revendication 1 ou 2, dans laquelle la solution aqueuse est approximativement isotonique. 

4. Formulation suivant la revendication 1 ou 2. dans laquelle le m^icament est un agent antin^optasique. 

35 

5. Formulation suivant la revendication 1 ou 2. dans laquelle le m^icament est un s^atif, un tranquil lisant, un anti- 
convulsivant. un antid6presseur. un hypnotiqpje. un myorelaxant ou un antispasmodique. 

6. Formulation suivant la revendication 1 ou 2, dans laquelle le medicament est un androgyne, un oestrog^ne. une 
40 hormone progestative ou un st6roTde anti-inflammatoire. 

7. Formulation suivant la revendication 1 ou 2, dans laquelle le m6dicament est un hypnotique ou un anesthfesique 
st6roTdien. 

45 8. Formulation suivant la revendication 1 ou 2. dans laquelle le m^icament est un anticoagulant, un cardiotonique. 
un vasodilatateur. un vasoconstricteur. un inhibiteur plaquettaire ou un agent anti-arythmique. 

9. Formulation suivant la revendication 1 ou 2. dans laquelle te medicament est un antifongique, un antiprotozoaire, 
un antibact^rien. un antibiotique ou un antiviral. 

10. Formulation suivant la revendication 1 ou 2. dans laquelle te m^icament est un facteur vrtaminique/nutrttif. un 
agent 6m6lique. un anti6m6tique, un diur6tique, un agent anti-inflammatoire non st§roTdien. un anesth6sique. un 
agent hypoglycemique, un agent de radiodiagnostic. un inhibiteur d'anhydrase cartxtnique, un antagonistedes nar- 
cotiques. un agoniste des narcotiques. un agoniste-antagoniste mixte des narcotiques, une proteine pharmacolo* 

55 gtquement active, un agent dopaminergique/anti-parkinsonien ou un agent pour le traitement de la maladie 
d'Alzheimer. 

11. Formulation suivant la revendication 4. dans laquelle le medicament est le chlorambucil, la tomustine, le melphaian, 
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le methotrexate, m©cam§thylm6!amine. !e t6niposide. r^toposide. la s^rruistine, la fazarabine, ta mercaptopurine, 
le tubulazoie, le carmofur. la carmustine, ramsacrine. ta bruc6antine, la diaziquone, la didemrane B, r^chinomycine 
ou le PCNU. 

5 12. Formulation suivant la reverxlication 5. dans laquelle le m6dicamen1 est un barbrturique ou une benzodiazepine. 

13. Fonnulation suivant la revendication 5. dans laquelle le m6dicanrrent est ta ph6nytoTne, le pentobarbital, le ph§no- 
barbital. te secobarbital le sulpirkie. fetonrtidate, le chlordiaz6pQxyde. le diazepam, le m6dazepam. t'oxazepam u 
letorazepam. 

10 

14. Formulation suivant ta revendication 6, dans laquelle le medicament est la dexam6thasone. mydrocortisone, ta 
prednisolone, le 17p-estradiot, le 17a-ethynytestradiol. rether 3-m6thytique d'ethynylestradiol, Toestriot. la nor6thin- 
drone, I'acetate de norethindrone, te norgestret, rethisterone. facetate de medroxyprogesterone, la progesterone, 
la 17-methyttestosterone ou ta testosterone. 

IS 

15. Formulation suivant ta revendication 7. dans laquelle te medicament est I'atfaxaione. 

16. Fonnulation suivant la revendication 8. dans laquelle le medicament est te dicoumarol, ta digoxine. ta digitoxine, ta 
nitroglycerine, te f lunarizine, I'atprostadit ou la prostacydine. 

20 

17. Formulation suivant la revendication 9, dans laquelle te medicament est t'ampicilline. la penicilline G. le ketocona- 
zole. ritraconazole. te benzoate de metronidazole, le miconazole, letlubendazole ou le cotrimoxazole. 

18. Formulation suivant la revendication 10. dans laquelle le medicament est le retinol. I'acetate de vitamine A. le ctio- 
2$ lecatcifero). le retinal, ta vitamine E, 0 ou K. I'apomorphine, la chlorthalidone, te furosemide. la spironolactone. 

t'indomethadne. te piroxicam, le flurbiprofene. racetazolamide. ia lidocaTne. I'acetohexamide. le dimenhydrinate. la 
L-DOPAou le THA. 

19. Formulation suivant la revendication 1 ou 2. dans laquelle te medicament est la forme dihydropyridine lipoTdique 
30 reduite, bio-oxydaWe, passant k travers la barriere hemato-encephalique, d'un systeme redox dihydropyridine set 

de pyridinium pour deiivrer un medicament ^ une cible consistant en le cerveau. 

20. Formulation suivant la revendication 19, dans laquelle la solution aqueuse est approximativement isotonique. 
35 21 . Formulation suivant la revendication 19, dans laquelle la forme dihydropyridine est un compose de formule 

[M-DHS] 

dans laquelle [M] represente une entite medicamenteuse agissant au niveau central et [DHS] repr6sente la forme 
40 itpoldique reduite. bio-oxydable, passant d travers la barriere hemato-encephalique. d un support redox dihydropy- 
ridine set de pyridinium. 

22. Formulation suivant la revendication 21, dans laquelle Tentrte medicamenteuse ^ action centrale est un agent 
dopaminergique. un agent androgenique, un anticonvuisivant. un agent anxiolytique, un neurotransmetteur. un 

45 agent antibiotique ou antit)acterien. un antidepresseur, un agent antiviral, un agent anticancereux ou antitumoral, 
un agent antt-inf tammatoire, un oestrogene ou une hormone progestative. 

23. Formulation suivant la revendication 22. dans laquelle I'entite medicamenteuse a action centrale est la dopamine, 
la testosterone, la phenytoTne, te GABA, I'acide valprotque. la tyrosine, la methiciiline, I'oxacilline, la benzylpentcil- 

50 line, la doxacilline. la dictoxaciliine. la desipramine, I acyclovir, la trif luorothymidine. ta zidovudine. rhydroxy-CCNU. 
le chlorambuQl, ta tryptamine. la dexamethasone. Thydrocortisone. rethinylestradiol. la norethindrone. Testradiol. 
rethisterone. le norgestrel. I'oestrone. rether 3-methylique d'estradiol. le benzoate d'estradiol. le norethynodrel. le 
mestranol. rindomethacine. le naproxene, le FEND, le MENU ou ie 5-FU. 

55 24. Formulation suivant la revendication 23, dans laquelle le compose de formule [M-DHS] est la 1-methyl-3-{{N-{p- 
[3.4-bis(pivalyloxy)phenyl]6thyl}carbamoyl}}-1,4'dihydropyrfdine. la 1-methyl-3-{N-[[p-[3,4-bis(isobutyryloxy)phe- 
nyI]-ethyI]])carbamoyl-1.4-dihydropyridine. le 1.4-dihydro-1-methyl-3-pyridinecartX)xylate de N-{p-[3.4-bis(pivaly- 
Ioxy)phenyl]ethyl}aminocartx)nyloxym6thyle. ta 1 7p-[(1 ,4-dihydro-1 -methyl-3i^yridinylca^bonyl)oxy]androst-4-ene- 
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3-one. la 17p-{I{3"KaTt)anfK)yl-1\4*<lihydropyricfiny!)ac6t^ la 5.S<fiph6nyl-3-[(r-m6thyl- 

1\4'<JihydrDpyridine-3'-y1)cafbonyloxym6th^ la 343*H»rbanfX)yf-1\4'Klihydropyridine-r- 

yl)ac6tylaxynr4thyO-5.5-diph6nyl-2>inrwdazdidine^^ la 343*-(3"-carbamoyi-1".4"-<fihydropyridine-r-yOpr^ 
rtyloxym6thyO-5.5Ktiph6nyl-2.4-imidazolidin la 1-m6thyl-3-N-[3-(beruyloxycart)onyOpropy^ 

dihydropyridine. la 1-m§thyl-3-{N-[{3*^dohexylcaft)onyl)propylDcarbamc^^ la 1-m6thyl-3-{2*- 

(2"i)ropy0pemanoyk)xy]6thylcartoa^^ la iHn6thyl-3-[2*-(2"-propyOpentenciytoxy)6thoxyca^ 

borTyl-1.4Kiihydrof^in . la 1-[2-{2"i>ropyl)pentanoy1oxy)6thyI-3H:ait)Oo^ la 1-m6thyl-3- 

{N-{(1 *-6tha)cycartx)nyO-2'-(4"-ph^loyloxyph6nyO§thyO<arta 1 .4-dihydrDpyridine, la 1 -m6thyI-3-{N-[(1 
6thoxycartx)nyl)-2'-(4*Msokxityryloxyph6nyl)6th^^ .4-dihydropyridine, le (2S-(2a.5a.6p)]-3,3-dim6thyI- 

7-oxo-6-I{2.6<lim6mGKy)ben2amido]-4-thia-1'aza^^ de IK1.4-dihydro-l-m6ttvl- 

3-pyrldinyl)cartx>nynoxy]m6thyle. le [2S-{2a.5a.6p)]-3.3<lim6thyl-6^5-m6thyl-3i>h6nyl-4-i60xa2d^ 
7-oxo-4-thia- 1 -a2abicyclo[3.2.0]heptane-2-carboxyiate de [[( 1 ,4-dihydro-l -m6thyl-3-pyridinyi)cart)o- 
nyl]oxy]m6thyle, le [2S-(2a.5a.6p)]-3,3-dim6thyi-7-oxo-6-[(ph6nylac6tyl)amirx^^ -a2abicyclo[3.2.0]heplane- 

2- carboxylate de n(1,4Kjihydro-1-m6thyt-3-pyridinyI)cartX)nyl}oxy]m6thyfe, le [2S-(2a,5a»6p)]-6-{3-{2-chloroph^ 
rTyI)-5-m6thyl-4-iso«azolecarboxamHio]-3,3Kfimethyl-7-OKO-4^^ 1 -a2ablcyclo[3^.0]heptane-2-caftxJxyiate de 
[1(1 ,4-dihydro-1 -m6thyl-3-pyridinyl)cartx)ny!]oxylm6thyle. le [2S-(2a.5a,6p)]-6-[3-(2.6-dichIoroph6nyl)-5-m6thyl-4- 
isoxazoiecarboxamido]-3,3-dim6thyl-7-oxo-4-thia-1 -a2abicyclo[3.2.0]heptane-2-cart>oxytale de [[(1 .4<lihydro-1 • 
m6thyi-3-pyridinyI)cartx5nylJoxy]m6thyle. ie 1.4-dihydro-l-m6thyl-3-pyridinecartx)xylate de I{N-[3-(10,11-dihydro- 
5H-diben2(l^f]az6pine-5-yl)Jpropyl-N-m6thylamino}cart)onyic^ le 1 ,4-dilTycfro-1 -m§thyI-3-pyricSnecar- 
boxylate de [1-{N-[3-(10.11<Jihydro-5H<<ibenz[lil|a26pine-5-yi)lpropyl-N-m6thylan^^ la 1- 
m6thyl-3-{[2-(9-guany!m6thoxy)-6thoxy]carbonyl}-1 .4-dihydropyridine, la 3'-(1 ,4-dihydro-1 -m§thyl-3-pyridinyicartx>- 
nyl)-5*-pivaloyftrifluorothymidine, la 3'-azido-3'<j6oxy-5'^1-m6thyl-1,4<fihydrc>-3i>yridinyl)carbonyOthym^ la N- 
(2-chloroethyl)-N'-[4-(l ,4-dihydro-1 -m6fthyl-3-pyridinecarbonyloxy)cyclohexyl]-N-nitroso-ur6e, la N-{2-f luoro6thy!)- 
N'-[2-(1 .4-dihydro-1 •m6thyl-3iDyridinecarbonytoxy)6thyl]-N-rtitroso-ur6e. la N-(2-chloro6thyl)-N'-[2-{1 ,4-dihydro-1 - 
m6thyl-3-pyridinecartX)nyloxy)6thyO-N-nitroso-ur6e, la 1-m6thyl-3-[{N-{2-[4-({4-[bis(2'Chloro6thyl)lamino}ph§- 
nyl)butanoyloxy}6thyl})carbamoylJ-1 .4<iihydropyridine. la 1 -m6thyi-3-(N^4-[4-(4-{[bis(2-ch!oro6thyl)]anriino}ph6- 
nyI)biJtanoyfoxylcyclohexyl)carbamoyi)-1 .4-dihydropyridine, la 1 -m6thyl-3-[(N-{244-{[4-bis(2- 
chloro6thyl)]arnirio}ph^yi)butanoyloxy]propyl))carbamoyl]-1 ,4-dihydropyridine, la 1 -m6thyl-3-[(N-{2-ph6nyl-2-({4- 
[bis(2-chloro6thyf)]amirK5}ph6rTyl)birtanoyloxy]}6thyi)cart^ .4-dih^ropyridine. la 1 -m6thyl-3-[N-{{1 -[4-(4-{([4- 
bis(2-chioro6thyl)]arnirio)ph6nyl)butanoyloxy]cyclohexyl}m6thyl)carbarTioyn-1 ,4-dihydropyridine, la 1-m6thyl-3-N- 
[2-(3-indolyl)ethyl]carbamoyl-1 .4-dihydropyridine. la 9-f!uoro-1 1 p, 1 7-dihydroxy-1 6a-m6thyl-21 -{((1 -m6thyl-1 ,4- 
dihydropyridine-3- yl)carbonyl]oxy}pr6gna-1 .4-di6ne-3.20-dione, la 11 p, 1 7-dihydroxy-21 -{[{1 -m6thyl-1 .4-dihydropy- 
ridine-3-yl)carbonynoxy)pregn-4-6ne-3,20-dione, le 3-hydrQxy-17p-{(1-m6thyl-1,4-dihydropyridine-3-yl)carbo- 
nyI]oxyestra-1 ,3.5(1 0)-tri6ne, le 3-hydroxy-1 7p-{[1 -m6thyl-1 ,4-dihydropyridine-3-yOcarbonyl]oxy}-19-nor-1 7a- 
pr§Qna-1. 3.5(1 0)-tri6ne-20-yne. la 3-[(1-m§thyl-1,4-dihydro-3-pyridinyl)carbonylo«y]estra-1,3.5(10)-tri6rie-17-^ 
rather 3-m6thylique de 17p-[(1-m6thyl-1,4-dihydro-3-pyridinyOcarbonyloxy]estra-1.3.5(10)-tri6rie-3-o!, le 3.17p-bis- 
{[( 1 -m§thyl- 1 ,4<lihydropyridine-3-yl)carbonyl]oxy}estra-1 ,3,5( 1 0)-trl§ne, le 3-(ph6r)ylcarbonyloxy)-1 7p-{I( 1 -m6thyl- 
1,4-dihydropyridine-3-yf)carbonyl]oxy}estra-1. 3.5(1 0)-tri6ne. la 3-m6thoxy-17p-{[1 -methyl -1,4-dihydropyr idine-3- 
yl)cart>onytloxy}-1 9-nor-1 7a-pr6gna-1 ,3,5(1 0)-tri6ne-20-yne, la 1 7p-{[(1 -m^thyl-l .4-dihydropyridine-3-yl)carbo- 
nyI]oxy}-1 9-norpr6gn-4-6ne-20-yne-3-one. la 1 7p-{[(1 -m6thyl-1 ,4-dihydropyridine-3-yl)carborryQc3Ky}pr6gn-4-6ne- 
20-yne-3-one. le 13-6thyM7p-{[(1-m6thyl-1 ,4-dihydropyridine-3-yl)carbonyl]oxy}-18,19-dinorpr6gn-4-6ne-20-yne- 

3- one. ta 17p-{[(1-m6thyl-1,4<Jihydropyridine-3-yOcarbonyl]oxy}-19-norpr4gn-5(10)-6ne-20-yrie-3-^ la 1- 
m6thyl-3-[N(2-{1 Kp-chlorobenzoyl)-5-methoxy-2-m6thyl-3-indolyf]ac6toxy}6thyl)carbamoyl]-1 .4-dihydropyridine. ta 
1 -m6thyl-3-{N-[{2-(6-m6thoxy-a-nri6thyi-2-naphtal6nylac§toxy)6thyl]carbamoyl-1 ,4-dihydropyridine. le 3-(1 ,4- 
dihydro-l-methy!-3-pyridlnyl-carbonyloxym6thy!)-5-flLioro-uracile ou le 1-(1,4-dihydro-1-m6thyt-3-pyridinecarbony- 
loxym6thyl)-5-fluoro-uracile. 

25. Formulation suivant Tune quelconque des revendications 1^18, dans laquelle la solution contient 20 % a 50 % 
d'hydroxypropyl- p-cyclodextrine. 

26. Formulation suivant la revendication 1 , dans laquelle le medicament est la forme dihydropyridine iipoidique r^uite. 
bio-oxydabie. passant k travers ta barri^re h^mato-enc^phalique, d'un syst^me redox dihydropyridne sel de pyri- 
dinium pour d^tivrer m medicament au niveau d une cible consistant en te cerveau. et dans laquelle la solution 
contient 20 % 6 50 % dTiydroxypropyl-p-cyclodextrine. 

27. Formulation m^icamenteus aqu use comprenant un medicament lipophile et/ou labile en milieu aqueux dans 
une solution aqueuse contenant 20 % ^ 50 % d un derive hydroxypropytique. hydroxy ethytique, glucosylique. mal- 
tosylique ou maltotriosylique de p- ou y-cyclodextrine pour une utilisation dans la preparation d'une composition 
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pharmaceutique pour adnranistration parent6rale, le m6dicamem present dans ladite composition prfeentant une 
tendance r6duite d se rassenrtter dans les poumons ou d'autres organes en raison d'une precipitation au niveau 
ou k proximity du site dinjection et/ou dans les poumons ou d'autres organes proprement dits aprte adn^nistration 
parent^rale. 

' 5 

28. F=ormulation m6dicamenteuse aqueuse comprenant un m6dicament lipophile et/ou labile en milieu aqueux dans 
une solution aqueuse contenant 20 %. a 50 % rfun d6riv6 hydroxypropylique. hydroxy§thylique. glucosylique» mal- 
tosylique ou mattotriosylique de p- ou r-cyclodextrine pour ime utilisation dans la preparation tfune composition 
pharmaceutique pour administration parent6raier le medicament present dans ladite composition presentant une 

10 tendance r6duite d se rassembler dans les poumons ou rfautres organes en raison d'me precipitation au niveau 
ou k proximite du site dinjection et/ou dans les poumons ou d'autres organes proprement dits apres administration 
parenterale. sous reserve que, lorsque la solution contient 20 % e 50 %dTTydroxyprcpyl-p-cyclodex!rine. aJors ledit 
medicament soit autre que la forme dihydropyridine lipoTdique reduite, bioxydat)le, passant k travers la barriere 
hematoencephalique, d'un systeme redox dihydropyridine sel de pyridinium pour deiivrer un medicament vers 

76 une cible consistant en le cerveau. 

29. Formulation destinee k etre utilisee suivant la revendication 27 ou 28, dans laquelle la solution aqueuse est 
approximativement isotonique. 

20 30. Formulation m6dicamenteuse aqueuse comprenant un medicament lipophile et/ou l^ile en milieu aqueux dans 
une solution aqueuse contenant 20 % e 50 % d'un derive hydroxypropylique, hydroxyethylique. glucosylique. mal- 
tosylique ou maltotriosytique de p- ou r-cyclodextrine pour une utilisation dans la preparation tfune composition 
pharmaceutique pour administration parenteral, le medicament present dans ladite composition pr6sentant une 
tendance reduite k se rassembler dans les poumons ou d'autres organes en raison d'une precipitation au niveau 

25 ou k proximite du site dinjection et/ou dans les poumons ou d'autres organes proprement dits apres administration 
parenterale. ladite composition etant sterile et apyrogene. 

31. Formulation medicamenteuse aqueuse comprenant un medicament lipophile et/ou labile en milieu aqueux dans 
une solution aqueuse contenant 20 % e 50 % d'un derive hydroxypropylique, hydroxyethylique, glucosylique, mal- 

30 tosylique, ou mattotriosylique de p- ou y-cyclodextrine pour une utilisation dans la preparation d'une composition 
pharmaceutique pour administration parenterale. le medicament present dans ladite composition presentant une 
tendance redutte k se rassenr^er dans les poumons ou dautres organes en raison d'une precipitation au niveau 
ou k proximite du site dinjection et/ou dans les poumons ou d'autres organes proprement dits apres administration 
parenterale. ladite composition etant sterile et apyrogene. sous reserve que, lorsque la solution contient 20 % e 50 

35 % d'hydroxypropyl-p-cyclodextrine, alors ledit medicament soit autre que la forme dihydropyridine lipoidique 
reduite. biooxydable, passant k travers la barriere hematoencephalique, d'un systeme redox cfihydropyridine ^ sel 
de pyridinium pour deiivrer un medicament vers une ciWe consistant en le cerveau. 

32. Formulation destinee k §tre utilisee suivant la revendication 30 ou 31 , dans laquelle la solution aqueuse contient 
40 est approximativement isotonique. 

33. Formulation destinee k §tre utilisee suivant I'une quelconque des revendication 27 k 32. dans laquelle le medica- 
ment repond k ta definition suivant I'une quelconque des revendications 4^18. 

45 34. Formulation destinee k §tre utilisee suivant I'une quelconque des revendication 27 k 32. dans laquelle le medica- 
ment repond k la definition suivant Tune quelconque des revendications 19 el 21 d 24. 

35. Formulation destinee k §tre utilisee suivant I'une quelconque des revendication 27 k 33, dans laquelle la solution 
contient 20 % a 50 % d'hydroxypropyl-p-cyclodextrine. 

50 

36. Formulation destinee k etre utilisee suivant I'une quelcortque des revendications 27 k 30. dans laquelle le medica- 
ment est la forme dihydropyridine lipoidique reduite, bio-oxydaWe. passant k travers la barriere h6mato-encephali- 
que d'un systeme redox dihydropyridine at sel de pyridinium pour deiivrer un medicament au niveau d une ciWe 
consistant en le cerveau. et dans laquelle la solution contient 20 % e 50 % d'hydroxypropyl-p-cyclodextrine. 

55 

Revendications pour les Etats contractants suivants : ES, GR 

1. Procede pour ta preparation d'une formulation medicamenteuse parenterale, dont le constituant m6dicamenteux 
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pr6sente une tendance rdduite k se rassembler dans les poumons ou d'autres organes en ratson tfune precipita- 
tion au niveau ou d proximite du site dlnjection et/ou dans les pounx>ns ou d*autres organes proprement dits aprte 
administration par nt6rale. Ie<*t proc6d6 comprenant la formulation d'un m6dicamerrt lipophil et/ou labile en 
milieu aqueux dans une solution aqueuse contenant 20 % d 50 % dun d^iv6 hydroxypropylique. hydroxy^thylic^e, 
5 glucosylique. n^tosylique ou maltotriosylique de ou rcyclodextrine. dans des conditions telles que ladrte for^u^ 
lation sort sterile et apyrogdne. 

2. Proc6d6 pour la preparation d'une formulation m^dicamenteuse parent^rale, dont le constituent m6dicamenteux 
pr^sente une tendance r^duite k se rassembler dans les poumons ou dautres organes en raison d*une pr^cipita- 

10 tion au niveau ou k proximity du site dlnjection et/ou dans les poumons ou d'autres organes proprement dits apr^s 
administration parertt6rafe. lecfit proc^de comprenant la formulation d'un medicament lipop^ile et/ou labile en 
milieu aqueux dans une solution aqueuse contenant 20 % d 50 % d'un derive hydroxypropylique, hydroxyethylic^e. 
glucosylique. maltosylique ou maltotriosylique de p- ou rcyclodextrine, dans des conditions telles que ladrte formu- 
lation soit sterile et apyrogene. sous reserve que. lorsque la solution contient 20 % d 50 % d*hydroxypropyl-p-cydo- 

15 dextrine, alors le medicament sort autre que la forme dihydropyridine lipoTdtque redute. bio-oxydabte, passant k 
travers la barriere hemato-encephalique. d'un systeme redox dihydropyridine sel de pyridinium pour deiivrer un 
medicament vers une cible consistent en )e cerveau. 

3. Procede suivant la revendication 1 ou 2. dans lequel la solution aqueuse est approximativement isotonique. 

20 

4. Procede suivant la revendication 1 ou 2, dans lequel le medicament est un agent antineoplasique. 

5. Procede suivant la revendication 1 ou 2. dans lequel le medicament est un sedatif. un tranquillisant. un anticonvul- 
sivant un antidepresseur. un hypnotique. un myorelaxant ou un antispasmodique. 

25 

6. Procede suivant la revendication 1 ou 2. dans lequel le medicament est un androgene. un oestrogene. une hor- 
mone progestative ou un steroTde anti-inflammatoire. 

7. Procede suivant la revendication 1 ou 2. dans lequel le medicament est un hypnotique ou un anesthesique steroT- 
30 dien. 

8. Procede suivant la revendication 1 ou 2. dans lequel le medicament est un anticoagulant, un cardiotonique, un 
vasodilatateur. un vasoconstricteur, un inhibrteur ptaquettaire ou un agent anti-arythmique. 

35 9. Procede suivant la revendication 1 ou 2. dans lequel le medicament est un antifongique, un antiprotozoaire. un anti- 
bacterien. un antibiotique ou un antiviral. 

10. Procede suivant la revendication 1 ou 2. dans lequel le medicament est un tacteur vrtamlnique/nutri-tif, un agent 
emetique, un antiemetique. un diuretique. un agent anti-inflammatoire non steroidien. un anesthesique, un agent 
40 hypoglycemique. un agent de radiodiagnostic, un inhibiteur d'anhydrase cartx)nique, un antagoniste des narcoti- 
ques, un agoniste des narcotiques, un agoniste-antagoniste mixte des narcotiques, une proteine pharmacologi- 
quement active, un agent dopaminergique/anti-parkinsonien ou un agent pour ie trartement de la matadie 
d'Alzheimer. 

45 11. Procede suivant la revendication 4. dans lequel le medicament est le chlorambucit. la lomustine. le metphalan. le 
methotrexate, rhexamethylmeiamine. le teniposide. l etoposide. la semustine, la fazarabine. la mercaptopurine, le 
tutxjiazole. le carmofur, la carmustine. ramsacrine, la bruceantine. la diaziquone, ia didemnine B. Techinomycine 
ou le PCNU- 

50 12. Precede suivant la revendication 5. dans tequel le medicament est un barbiturique ou une benzodiaz^ine. 

1 3. Procede suivant la revendication 5. dans lequel le medicament est la phenytoTne. le pentobarbital, le phenot)arbital. 
le secot>arbftal, le sulpiride, retomidate, le chlordiazepoxyde. le diazepam, le medazepam, I'oxazepam ou le lora* 
zepam. 

55 

14. Procede suivant la revendication 6, dans lequel le medicament est ia dexamethasone. {'hydrocortisone, la predni- 
solone, le l7p-estradiol. le l7a-ethynylestradiol. Tether 3-methylique d'6thynylestradiol, I'oesti'iol, la nor6thindrone, 
Tacetatede norethindrone. le norgestrel, rethisterone, Tacetate de medroxyprogesterone, la progesterone, la 17- 
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m^ttestost^rone ou la testosterone. 

15. Proc^d survant la revendtcation 7, dans lequel le nfi^dicannent est Tal^atone. 

16. Proc^e suivant la revendication 8. dans lequel le m^icament est le dicoumarol, la digoxine, la digitoxine. ta nitro- 
glycerine, le f iunarizine, Tatprostadil ou la prostacydine. 

17. Proc6d6 suivant la revendication 9. dans lequel le medicament est rampidlline, la p6nicilllne G, le k6toconazole. 
ritraconazole, le benzoate de metronidazole, le miconazole, le f lii^endazole ou le cotrimoxazole. 

18. Procede suivant la revendication 10, dans lequel le medicament est le retinot. t'acetate de vitamtne A, le choiecal- 
ciferol. le retinal, la vitamine E, D ou K. Tapomorphine, la chlorthalidone, le furosemide, la spironolactone. Tindo- 
methacine. le piroxicam, le f lurt)iprofene, Tacetazolamide, la iidocalne. Tacetohexamide, le dimenhydrinate. la L- 
DOPAou leTHA. 

19. Procede suivant la revendication 1 ou 2. dans lequel le medicament est la forme dihydropyridine lipotdique reduite. 
bio-oxydable. passant k travers la barriere hemato-encephalique. d'un systeme redox dihydropyridine ^ sel de pyri- 
dinium pour deiivrer un medicament d une cible consistant en le cerveau. 

20. Procede suivant la revendication 19, dans leque! la solution aqueuse est approximativement isotonique. 

21. Procede suivant la revendication 19, dans lequel la forme dihydropyridine est un compose de formule 

[M-DHS] 

dans laquelle [M] represente une entite medicamenteuse agissant au niveau central et [DHS] represente la forme 
lipotdique reduite, bio-oxydable, passant ^ travers la barriere hemato-encephalique, d*un support redox dihydropy- 
ridine 9^ sel de pyridinium. 

22. Procede suivant la revendication 21, dans lequel t'entite medicamenteuse ^ action centrale est in agent dopami- 
nergique. un agent androgenique, un anticonvuisivant, un agent anxiotytique. un neurotransmetteur un agent anti- 
biotique ou antibacterien, un antidepresseur, un agent antiviral, un agent anticancereux ou antitumoral. un agent 
anti-inflammatoire, un oestrogene ou une hormone progestative. 

23. Procede suivarrt la revendication 22. dans lequel Tentite medicamenteuse e action centrale est la dopamine, la tes- 
tosterone, la phenytoTne. le GABA. I'acide valprolque. la tyrosine, la metNdlline, roxacilline, ta benzylpenicilline, la 
cloxacilline. ladictoxadtline. la desipramine. Tacydovir, la trifluorothymidine, la zidovudine, rhydroxy-CCNU. lechlo- 
ranr^ucil. ta tryptamine, la dexamethasone, Thydrocortisone. I'ethinylestradiol. la norethindrone, Testradiol, rethis- 
terone, le norgestrel, I'oestrone. rether 3-m6thylique d'estradiol, le benzoate d'estradiol. le norethynodrel, le 
mestranol, rindomethacine, le naproxene. le FENU, le MENU ou le 5-FU. 

24. Procede suivant la revendication 23. dans lequel le compose de forniule [M-DHS] est la 1-methyI-3-{{N-{p-[3,4- 
bis(pivalyioxy)pheny06thyl}carbamoyl}}-1 ,4 -dihydropyridine. la 1 -m6thyl-3-{N-[[p-[3.4-bis(isobutyryloxy)phenyl]- 
ethyI]]}carbamoyl-1 ,4-dihydropyridine. le 1 ,4-dihydro-1-methyl-3-pyridinecart>oxylate de N-{p-[3.4-bts(pivaly- 
loxy)ph6ny!]ethyl}aminocart>onyloxymethyle. la 1 7p-[(1 .4-dihydro-1 -methyl-3-pyridinylcart)onyl)oxy]androst-4-ene- 
3-one. la 17p-{[(3"-cark)amoyl-1\4*-dihydropyridinyl)acetyl]oxy]androst-4-ene-3-one, la 5,5-diphenyl-3-[(V-methy1- 
1',4'-dihydropyridine-3'-yl)cartx)nyloxymethyl]-2,4-imidazolidinedione, ta 3-[3*-carbamoyl-1'.4'-dihydropyridine-V- 
yl)acetytoxymethyl]-5,5-diph6nyl-2,4-imidazoiidinedione. la 3-[3'-(3"-carbamoyl-V\4"-dihydropyridine-r-yl)propio- 
nyloxymethyl]-5,5-diphenyl-2,4-imidazolidinedione. la 1 -methyl-3-N-[3-(benzyloxycartX)nyl)propyl]carbamoyl-1 .4- 
dihydropyridine, la 1-m6thyl-3-{N-[(3'-cydohexylcartx>nyl)propyi]}carbamoyl-1,4-dihydropyridine, la 1 -methyl-3-[2*- 
(2 "-propyl)pentanoyloxy]ethytcarbamoyl-1 ,4-dihydropyrid(ne, ta 1 -methyl-3-[2'-(2"-propyl)pentanoyloxy]ethoxycar- 
bonyl-1,4-dihydropyridine, ta 1-[2'-(2"-propyt)pentanoyioxy]ethyl-3-carboxamide-1,4-dihydropyridine. la 1-m6thyl-3- 
{N-[(V-etho«ycart)onyl)-2'-(4"iDivaloylCKyph6nyi)ethyl]}-cart>arTioy!-1,4-dih^ la 1-methyl-3-{N-((V- 
ethoxycartx)nyt)-2'-(4 '-isobutyryloxyph6nyl)ethyl]}-carbannoyl-1 .4-dihydropyridine, le [2S-(2a,5a.6p)]-3,3<limethyl- 
7-oxo-6-[(2,6-dim6thoxy)benzamido]-4-thia-1 -azabicyclo[3-2.0]heptane-2-cartx)xylate de [[(1 .4-dihydro-1 -methyl- 
3-pyridinyl)cart)onyI]oxy]m6thyle, le [2S-(2a,5a.6p)]-3,3-dim6thyl-6-(5-methyl-3-ph6nyI-4-isoxazolecartK3xamido)- 
7-oxo-4-thia- 1 -a2abicyclo[3.2.0]heptane-2-carboxylate de [[( 1 ,4-dihydro- 1 -methyl-3-pyridinyf)cartx>- 
nyqoxyjmethyle. le [2S-(2a.5a,6p)]-3,3-dimethyl-7-oxo-6-[(phenyiac6tyl)amino]-4-thia-1-azabicycio[3.2.0]heptane- 
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2- cartxjxylate de Q(1.4Kjihydr(>-lHn6thyl-3i)yrainyOcartx)nyO^ le [2S-(2a,5a.6p)^6^3-(2-cWo^oph§- 
nyO-5-m6thyl-4-tscxxa2decarboxamkJo]-3,3<im6^ -a2abicydo[3^.0]heptane-2-cartx)xylate de 
n(1.4KlihydK^1-m6thyI-3-pyrkJirTyOcartx>n^ le I2S'^2a,5a,6W]-6-[3-(2.6-dichloroph6nyl)-5-m6thyl-4- 
isoKazolecartxsxamido]-3.3-dim6thyl-7K)xo^-ttt^ de II{1.4-dihydro-1- 
m6thyl-3i)yrkJin>i)cart)orTyOoKy)^^ le 1.4<lihydro-1-m6thyt-3iJyridinecartxwylate de [{N-{3-{10J1^hydro- 
5H<jibenzBj,flaz6pine-5-yO]propyf-NHn6thy^ le l ,4-dihydro-l -m6thyl-3-pyricfinecar- 
boxylate de [l-{N-[3-(10J1-dihydrc>-5HKJiben2[bf|az6pine-5-y!)] la 1- 
m6thyl-3HP-(9-guarTylm6thaxy)-6thoxy]<arbonylh1.4KJi^ ta 3M1.4-dihydro-1-m6thy1-3-pyridinylcart)o- 
nyl)-5'-ph^oyttrifluofolhymkline, la 3'-azid^ la N- 
(2-chloro§thyO-N-[4-(1,4^ihydr(>-1-m6thyl-3wrk^ la N-{2-fluoro6thyO- 
N*-(2-(1.4-dihydro-1-m6lhy*-3i>yridinecartX)rTyfo^^ la N-(2-chioro6thyl)-N'-[2-(1.4-dihydro-1- 
m6thyl-3ijyrkJinecartx)nyloxy)6thyl]-NHiitr^^ la 1-m6thyl-3-[(N42-t4-({4-[bis(2<hloro6thyOlamino}ph§- 
ny0butanoyioxy)6thyl})caitomoylj-1 ,4-dihydropyridine, la 1 HTi6thy!-3-(N-{4-t4-(4-{[bis(2-chloro6tryi)lam 
nyl)butanoytoxy)cyclohexyl}cart)anx)yl)-1 ,4-dihydropyrldine, la 1 -^^l6thyt-3•[(N^2^4-^[4-bis(2- 
chtoro6thy01arreTO}ph6nyl)butanoyioxy]propyl))car^^ ,4-dihydropyridine. la 1-m6thyI-3-[(N-{2-ph6nyl-2-({4- 
Ibis(2Krfitoro6thyO]amino}ph6nyl)butanoytoocy]}6^ ,4-dihydropyridine, la 1 -m6thy!-3-IN-({1 -[4-(4-{([4- 
bis(2-chloro6thyl)]amino)ph6nyl)butarK5ylQxy]cyclohexyl}rn ,4-dihydropyridine. la 1 -nfi6thyi-3-N- 
[2-(3-rrKloly[)6thyljcarbamoyl-1 .4-dihydropyridine. la 9-f luoro-1 1 p. 1 7-dihydroxy-l 6a-m6thy!-21 -{[{1 -nr^^thyl-l ,4- 
dihydropyridine-3-yl)carbonyllaxy}pr6gna-1,4-di6ne-3.20-dione, la 1ip.17-dihydroxy-21-{[(1-m6thyl-1,4-dihydropy- 
ridine-3-yl)carbonyOoxylpr§gn-4-6ne-3,20-dione, le 3-hydraxy-1 7p-[(1 -m6thyl-1 .4-dihydropyridine-3-yl)carbo- 
ny[]oxyestra-l.3,5(10)- tri6ne, le 3-hydroxy-17p-{[1-mMhyI-1,4KlihydrcpyrkJine-3-yOcarbonyiloxy}-19-no^ 
pr6gna-1 .3.5(1 0)-tri6ne'20-yne. la 3-{(1-nri6thyl-1,4<Jihydro-3-pyr»dinyI)carbonyloxy]estra-1. 3.5(10)-^^^ 

rather 3-m6thyltque de 1 7p-[(1 -m6thyl-1 ,4-dihydro-3-pyricfinyOcarbonyloxy]estra-1 .3,5(1 0)-tri6ne-3-ol, le 3, 1 7p-bis- 
{((1-m6thyl-1,4-dihydropyridine-3-yl)carborTy!]oxy)estra-1,3.5(10)-tri6ne, le 3-(ph6nylcarbonytoxy)-17p-{[(1-m6thyl- 
1 ,4-dihydropyrldine-3-yOcarbonyl]oxy}estraO .3,5(1 0)-tri6ne. la 3-nfi6thoxy-1 7p-{[1 -m6thyl-1 .4-dihydropyridine-3- 
yl)carbonyt]oxy}-1 9-nor-1 7aiDr6gna-1 .3,5( 1 0)-tri6r>e-20-yne. la 1 7p-{[(1 -m6thyl-1 .4-dihydropyridine-3-yI)carbo- 
rryQoxy)-! 9-norpr6gn-4-6ne-20-yne-3-one. la 1 7p-{I(1 -nn6thyl-1 .4-dihydropyridine-3-yI)cafbonyl]axy}pr6gn-4-6ne- 
20-yne-3-one, le 13-6thyl-17p-{(1-nri6thyl-1.4-dhydropyridine-3-yl)carbonyl}oxy)-18,19<linon^^ 

3- one. la 17p-{(1'm§thyl-1,4-dihydropyridine-3*yl)carbonyOoxy}-19-norpr6gn-5(10)-6n^^ la 1-m6thyl- 
3- tN(2-{1 -(pK^IorobenzoyO-5-nri6thaxy-2-methyl-3-indo!yOac6toxy)6thyOcarbanrx)yl^ la 1 - 
nri6thyi-3-{N-[(2-(6HfTielhoxy-a-m6thyi-2-naphtal6nylac6toxy)§thyi]carbanrioyl^ ,4-dihydropyridine, le 3-(1 ,4-dihydro- 
1-m6thyl-3-pyridiny1-carbonyloxynri6thyl)-5-fluoro-uracile ou te 1-(1.4-dihydro-1-m6thyl-3-pyridinecait)onyloxym6- 
thyl)-5-fluorc>-uraciie. 

25. Proc6d6 suivant Tune quetconque des revendications 1 18, dans lequel la solution contient 20 % d 50 % 
d'hydroxypropyl-p-cyclodextrine. 

26. Proc6d6 suivant la revendication 1, dans lequel le m^icament est la fomrte dihydropyrtdine ItpoTdique r^uite, bio- 
oxydable, passant k travers la barri^e hemato-enc^phalique. d un syst^me redox dihydropyridine sel de pyridi- 
nium pour d^livrer un m^icament au niveau d'une ctble consistant en le cerveau, et dans laquelle la solution con- 
tient 20 % ^ 50 % d'hydroxypropyl-p-cydodextrine. 

27. Proc6d6 pour ta preparation d'une conrposition pharmaceutique pour administration parent^rale, qui connprerxJ la 
proration d'une formulation m^icamenteuse aqueuse comprenant un mkiicament iipophile et/ou labile en 
milieu aqueux dans une solution aqueuse contenant 20 % ^ 50 %d'un d^iv6 hydroxypropylique. hydroxy^ylique. 
giucosylique, maltosyiique ou maltotriosylique de p- ou r-cyclodextrine. le m^icament present dans ladite compo- 
sition pr^sentant ainsi une tendance r^uite k se rassembler dans les pounrx^ns ou d'autres organes en raison 
d'une pr6c¥)itation au niveau ou d proximite du site d injection et/ou dans les poumons ou d autres organes propre- 
ment drts apres administration parent^ate. 

28. Proc6de pour la preparation d'une composition pharmaceutique pour adnr^nistration parent^rale. qui comprerxj la 
preparation dune formulation m^dicamenteuse aqueuse comprenant un medicament tipophile et/ou labile en 
milieu aqueux dans une solution aqueuse contenant 20 % A 50 % d un derive hydroxypropylique. hydroxy^thylique, 
giucosylique, maltosyiique ou maltotriosylique de p- ou rcyclodextrine. le medicament present dans ladite compo- 
sition pr^sentant ainsi une tendance reduite d se rassembler dans les poumons ou d'autres organes en raison 
d'une precipitation au niveau ou d proximite du site d injection et/ou dans les poumons ou d'autres organes propre- 
ment drts apres administration parenterale, sous reserve que. lorsque la solution contient 20 % ^ 50 % d'hydroxy- 
propyl-p-cyclodextrine. alors ledit medicam nt soit autre que la forme dihydropyrtdine llpordique reduite, 
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bioxydable. passant k travers la barrifere h6matoenc6phalique. cTun sysl6me redox dihydropyridine sel de pyridi- 
nium pour d§livrer un m6dicament vers une cible consistant en le cerveau. 

29. Proc6d6 suivant la revendication 27 ou 28. dans lequel la solution aqueuse est approximativement isotonique. 

30. Proc6d6 pour la proration d'une composition pharmaceutique pour administration parent6rale. qui conrpr nd la 
preparation d'une fomfiulation m6dicamenteuse aqueuse comprenant un m6dicament lipophile et/ou labile en 
milieu aqueux dans une solution aqueuse contenant 20 % & 50 % d'un d6riv6 hydroxypropylique. hydraxyMhyfique, 
glucosylique, maltosylique ou mattotrlosyiique de p- ou f-cydodextrine, le medicament present dans ladrte compo- 
sition pr6sentant ainsi une tendance r6duite k se rassenrt)ler dans les poumons ou d'autres organes en raison 
d'une precipitation au niveau ou k proximrte du site d'injection et^du dans les poumons ou d'autres organes propre- 
nrtent dits aprfes administration parent6rale. dans des conditions telles que ladite composition soit sterile et apyro- 
gene. 

31. Precede pour la preparation d'une composition pharmaceutique pour administration parenterale, qui conprend la 
preparation d'une formulation m6dicannenteuse aqueuse comprenant un medicament lipophile et/ou labile en 
milieu aqueux dans une solution aqueuse contenant 20 % e 50 % d'un derive hydroxypropylique. hydroxyethylique, 
glucosylique, maltosylique. ou maltotriosylique de p- ou rcyclodextrine. le medicament present dans ladite com- 
position presentant ainsi une tendance reduite k se rassembler dans les poumons ou d'autres organes en raison 
d*une precipitation au niveau ou k proximite du site d'injection et/ou dans les poumons ou d'autres organes propre- 
ment dits apres administration parenterale. dans des conditions telles que ladite composition soit sterile et apyro- 
gene. sous reserve que. lorsque la solution contient 20 % e 50 % d'hydroxypropyl-p-cyclodextrine. alors ledit 
medicament soit autre que la forme dihydropyridine lipoTdique reduite. biooxydable. passant k travers la barriere 
hematoencephalique, d'un systeme redox dihydropyridine sel de pyridinium pour deiivrer un medicament vers 
une dtHe consistant en le cerveau. 

32. Procede suivant la rever>dication 30 ou 31 . dans lequel la solution aqueuse contient est approximativement isoto- 
nique. 

33. Procede suivant Tune quelconque des reverxlication 27 k 32, dans lequel le medicament repond k la definition sui- 
vant Tune quelconque des revendications 4^18. 

34. Precede suivant Tune quelconque des revendication 27 k 32, dans lequel le medicament r6pond k la definition sui- 
vant Tune quelconque des revendications 19 et 21 ^ 24. 

35. Precede suivarrt I'une quelconque des revendication 27 k 33, dans lequel la solution corrtient 20 % e 50 % 
d'hydroxypropyl-p-cyclodextrine. 

36. Precede suivant I'une quelconque des revendications 27 k 30. dans lequel le medicament est la forme dihydropy- 
ridine lipoTdique reduite, bio-oxydat>le. passant k travers la barriere hemato-encephalique d'un systeme redox dihy- 
dropyridine ^ sel de pyridinium pour deiivrer un medicanient au niveau d'une cible consistant en le cerveau, et 
dans lequel la solution contient 20 % e 50 % d'hydroxypropyl-p-cyclodextrine. 
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